
(19) United States 
US 20090042248A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0042248 A1 
Gal et al. (43) Pub. Date: Feb. 12, 2009 

(54) FOLDED RECOMBINANT CATALYTIC 
FRAGMENTS OF MULTIDOMAIN SERINE 
PROTEASES, PREPARATION AND USES 
THEREOF 

(76) Inventors: Peter Gal, Budapest (HU); Peter 
Zavodszky, Budapest (HU); Geza 
Ambrus-Aikelin, Keszthely (HU); 
Jozsef Kardos, Budapest (HU) 

Correspondence Address: 
HAHN & VOIGHT PLLC 
101214TH STREET, NW, SUITE 620 
WASHINGTON, DC 20005 (US) 

(21) Appl. No.: 12/163,648 

(22) Filed: Jun. 27, 2008 

Related U.S. Application Data 

(62) Division of application No. 10/636,602, filed on Aug. 

Publication Classification 

(51) Int. Cl. 
CI2P 2L/04 (2006.01) 
CI2N IS/00 (2006.01) 

(52) U.S. Cl. ..................................... 435/69.1; 435/320.1 

(57) ABSTRACT 

The invention relates to unglycosylated folded C-terminal 
fragments of a multidomain serine protease of the comple 
ment cascade obtainable by expression in a bacterial host, 
wherein said serine protease is capable of binding a recogni 
tion molecule of the complement cascade, e.g. C1 or MBL. 
The invention also relates to methods and bacterial expres 
sion vectors for the preparation of said fragments, uses of said 
fragments for raising antibodies and screening Substrates or 
inhibitors of said serine proteases and uses of the fragments in 
research and treatment of complement related disorders. The 
invention also relates to assay methods for assessing MASP-1 
and MASP-2 levels in a sample of biological origin. 

8, 2003. The invention provides for research tools, assays and diag 
(60) Provisional application No. 60/401,755, filed on Aug. nostic kits useful in complement research and research and 

8, 2002. diagnosis of complement related disorders. 
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Expression of the MASP-1 and MASP-2 fragments 
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Coomassie stained SDS-PAGE of the purified MASP-1 and MASP-2 fragments 
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FOLDED RECOMBINANT CATALYTIC 
FRAGMENTS OF MULTIDOMAN SERINE 
PROTEASES, PREPARATION AND USES 

THEREOF 

0001. This is a divisional of application Ser. No. 10/636, 
602, filed Aug. 8, 2003, and claims priority to provisional 
application Ser. No. 60/401,755, filed Aug. 8, 2002. The 
entire content of the two aforementioned applications is 
hereby incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The invention relates to unglycosylated folded 
C-terminal fragments of a multidomain serine protease of the 
complement cascade obtainable by expression in a bacterial 
host, wherein said serine protease is capable of binding a 
recognition molecule of the complement cascade, e.g. C1 or 
MBL. The invention also relates to methods and bacterial 
expression vectors for the preparation of said fragments, uses 
of said fragments for raising antibodies and Screening Sub 
strates or inhibitors of said serine proteases and uses of the 
fragments in research and treatment of complement related 
disorders. The invention also relates to assay methods for 
assessing levels of multidomain complement serine proteases 
in Samples of biological origin. 

BACKGROUND ART 

0003. The complement system is an important component 
of the innate immune defense. A prerequisite for the comple 
ment system to exert its function is its activation, which can 
occur through three different ways: the classical, the lectin 
and the alternative pathways. Invading pathogenic microor 
ganisms (e.g. bacteria, viruses, and fungi) can directly initiate 
each distinct pathway before the adaptive immune response is 
developed. 
0004. The complement cascade, however, if inappropri 
ately activated, can cause a significant amount of inflamma 
tion, tissue damage, and other disease states such as the 
autoimmune diseases. Disease states implicating the comple 
ment system in inflammation and tissue damage include the 
following: the intestinal inflammation of Crohn's disease 
(Ahrenstedt et al., 1990), thermal injury (burns, frostbite) 
(Gelfand et al., 1982: Demling et al., 1989), hemodialysis 
(Deppisch et al., 1990); Kojima et al., 1989), and post pump 
syndrome in cardiopulmonary bypass (Chenoweth et al., 
1981; Chenoweth et al., 1986; Salama et al., 1988), suppos 
edly it is involved in the development of fatal complication in 
sepsis (Hacket al., 1989) and causes tissue injury in animal 
models of autoimmune diseases. The complement system is 
also involved in hyperacute allograft and hyperacute 
xenograft rejection (Knechtle et al., 1985); Guttman, 1974); 
Adachi et al., 1987). Complement activation during immu 
notherapy with recombinant IL-2 appears to cause the severe 
toxicity and side effects observed from IL-2 treatment (Thijs 
et al., 1990). Further deleterious effects of improper activa 
tion or overactivation of the complement system is described 
e.g. in US Application No. 2002037915. 
0005 Based on increased incidence of infections in indi 
viduals with MBL deficiency, there are indications in the art 
that the lectin pathway is associated with the following dis 
eases: HIV (increased susceptibility of infection), cystic 
fibrosis, Systemic lupus erythematosus, rheumatoid arthritis, 
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recurrent miscarriage, meningitis, cryptospirodiosis, chronic 
hepatitis C (Dumestre-Perard, 2002) (as a disease modula 
tor). Complement activation, contributing to the inflamma 
tory reaction upon observed in reperfusion injury is mediated 
through the lectin pathway (Monsinjon, 2001, Collard, 2000). 
In a rat animal model, blockade of the lectin pathway pro 
tected the heart from ischemia-reperfusion by reducing neu 
trophil infiltration and attenuating proinflammatory gene 
expression. (Jordan, 2001) 
0006. It is of particular importance therefore to study key 
molecules of the complement system, their structure and 
function, therefore to obtain these molecules or functional or 
folded fragments thereof in Sufficient quantities and in a pure 
form to obtain appropriate research tools, to develop assays 
for detecting said molecules and to find, design or raise mol 
ecules for effecting the function of the complement system or 
for Supplying deficiencies of it and also treating decease 
conditions associated with irregular working of this system. 
0007. The activation of the complement system (like of 
other proteolytic cascades) results in the sequential activation 
of serine protease Zymogens. The first step in the lectin and 
the classical pathways is the binding of a specific recognition 
molecule (MBL or C1q, respectively) to activator structures, 
which is followed by the activation of associated serine pro 
teases (Gál, 2001). 
0008 Although the lectin pathway was discovered more 
than a decade ago (Kawasaki, 1989), there are many uncer 
tainties concerning the composition of the activation complex 
and the substrate specificities of the MBL-associated serine 
proteases (MASPs). MBL is a member of the collectin family 
of proteins and binds to specific carbohydrate arrays on the 
Surface of various pathogens through C-type lectin domains 
(Turner, 1996). Up to date three MBL-associated serine pro 
teases have been described. First, a single enzyme MASP 
was identified and characterized as the enzyme, which is 
responsible for the initiation of the complement cascade (i.e. 
cleaving C2, C4 and possibly C3) (Matsushita, 1992/Ji, Y-H., 
1993). Later it turned out that MASP is in fact a mixture of 
two proteases: MASP-1 and MASP-2 (Thiel, 1997). It was 
demonstrated, that the MBL-MASP-2 complex alone is suf 
ficient for complement activation (Vorup-Jensen, 2000). This 
is a significant difference from the C1 complex, where the 
coordinated action of two serine proteases (C1r and C1s) 
leads to the activation of the complement system. Here, C1q. 
is the recognition subunit of the complex, while C1r and C1s 
are highly specific serine proteases (with Mrs 86.5 kDa and 
80 kDa, respectively), which are responsible for the catalytic 
function of C1. A specific feature of the C1r and C1s serine 
proteases is that they form a distinct structural unit, the Ca"- 
dependent C1 S-C1r-C1r-C1s tetramer, which makes possible 
the coordinated action of the two enzymes within the C1 
complex. This tetramer associates with C1q to yield the het 
eropentameric C1 complex. C1r and C1s are present in the C1 
complex in Zymogen form, and become activated after C1q. 
binds to an activator. The first enzymatic event during the 
activation process is the autoactivation of C1r. Activated C1r 
thenactivates Zymogen C1s, which in turn cleaves C4 and C2. 
0009. The role of MASP-1 in the MBL-MASPs complex 
remained unknown. It was proposed, that MASP-1 could 
directly cleave C3 and thereby activate complement (Mat 
sushita, 1995/Matsushita, 2000), but other laboratories 
debated these results (Wong, 1999/Zhang, 1998). Recently, a 
novel protease, MASP-3 has been isolated, however, its func 
tion is yet to be resolved (Dahl, 2001). Several lines of evi 



US 2009/0042248 A1 

dences suggest that there are different MBL-MASPs com 
plexes (Thielens, 2001/Dahl, 2001) and a large fraction of the 
total MASPs in serum is not complexed with MBL (Terai, 
1997/Thiel, 2000). 
0010. The MASPs together with C1r and C1s, form a 
family of proteases with identical domain organization (Sim, 
2000/Volanakis, 1998). In these enzymes the first N-terminal 
CUB domain is followed by an EGF-like domain and the 
second CUB domain. Atandem repeat of complement control 
protein modules (CCP1 and CCP2) precedes the C-terminal 
serine protease domain (SP). Upon activation an Arg-Ilebond 
is cleaved in the serine protease domain of these Zymogens. 
0011 Although the substrate specificities of MASP-1 and 
MASP-2 has been studied using natural and recombinant 
proteins, several important questions remained unanswered 
in the art. MASP-1 was shown to cleave C3 and C2 (Mat 
sushita, 2000), but this action may not be sufficient for direct 
complementactivation (Rossi, 2001). If the cleavage of C3 by 
MASP-1 proves to be insignificant then the field is still open 
to assess the biological importance of MASP-1. This could be 
possibly accomplished by identifying the range of its Sub 
strate specificity and the degree of its specific activity and by 
finding a better natural substrate than C3. Previous studies 
showed that MASP-2 digested C2 and C4 efficiently, with 
rates similar to C1s, a classical pathway enzyme (Vorup 
Jensen, 2000/Rossi, 2001). However, the contribution of the 
individual domains to the enzymatic properties of MASP-2 
has not yet been determined. It is accepted that C1-inhibitor 
reacts with both proteases (Matsushita, 2000), but the rates of 
the reactions are unknown and the role of another inhibitory 
protein, alpha-2-macroglobulin, is rather debated (Wong, 
1999/Rossi, 2001/Gulati, 2002). To sum up, differences in 
function and biological role of MASP-1 and MASP-2 are 
unclear according to the art. 
0012 Similarly, before the creation of the subject inven 

tion, the role of the CCP and SP domains of C1r was unclear. 
The CCP repeat is about 60 residues in length and is wide 
spread among complement proteins. It appeared to be likely 
that the CCP domains significantly contribute to the specific 
ity of the interaction and catalytic properties of the YB frag 
ment. For example a recent structural model of (YB). Suggest 
a loose head-to-tail assembly of the monomers, where the 
Y-chain (the two CCP modules and the activation peptide) of 
one monomer interacts with the serine protease module of the 
other monomer (8). 
0013 Moreover, the autoactivation mechanism was 
unclear. Which domain is necessary to autoactivation? At all, 
are the individual domains separate folding units? Can folded 
fragments prepared? Are they active? 
0014. The answer to these questions and other problems of 
the art is an important prerequisite of further research aiming 
at the treatment of complement related disorders. 
0015 The main reason for these uncertainties concerning 
biological function of these proteases is the lack of availabil 
ity of active and/or native recombinant proteins in a sufficient 
quantity and purity. The functional characterization has been 
retarded by the fact that their serum concentration is very low 
(in the case of MASPs: MASP-1=6 g/ml, MASP-2s2 
ug/ml) (Hajela, 2002) which rendered their isolation 
extremely difficult. Most MASP preparations obtained from 
serum were usually cross-contaminated with other MASP 
species. Therefore, precise experiments could not be carried 
out in many cases. Also, though methods for determining in 
vivo levels of a mixture of MASPs have been known (e.g. U.S. 
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Pat. No. 6,235,494 and U.S. Pat. No. 6,294,024) assessing 
MASP-1 and MASP-2 levels, differentiating one from the 
other, caused problems according to the art. 
(0016 Though JP 7238100 (Matsushita et al., 1995) is 
directed to a monoclonal antibody against human MASP, the 
defined character of Such an antibody is questionable since 
the publication does not make a distinction between MASP-1 
and MASP-2. In general, due to the lack of sufficiently pure 
preparations antibodies for native MASP proteins could not 
be produced according to the art with a good reliability. 
0017. Similarly, a search for drugs, e.g. inhibitors, allevi 
ating symptoms associated with overactivity of the comple 
ment system had been greatly hindered by the lack of avail 
ability of folded, possibly active fragments of key 
multidomain serine proteases of the complement system. 
0018. Also, in lack of a reliable and effective system for 
the recombinant preparation of fragments of complement 
serine proteases associated with recognition molecules of the 
complement system mutation studies and genetic engineer 
ing of them were difficult and the outcome was difficult to 
interpret. 
00.19 Last but not least methods of the art for producing 
MASP proteins and fragments were relatively expensive and 
cumbersome: cheaper and more effective methods were 
needed. 
0020. There have been many attempts in the art to prepare 
recombinant MASP-1 and MASP-2. However, recombinant 
expression of the full-length MASPs provided serious diffi 
culties. In WO 02/6460 (Jensenius and Thiel, 2002) cloning 
and sequencing of MASP-2 is described. However, the pro 
tein was not recombinantly prepared. Vorup-Jensen et al. 
transiently expressed human MASPs in HE 293 cells, but 
their recombinant MASP-1 had unexpected molecular mass 
and showed no enzymatic activity (Vorup-Jensen, 2000). 
Though Vorup-Jensen et al. Succeeded in preparing an active 
MASP2 protein, this protein carried a His tag. Moreover, the 
preparation process was prolonged and complicated. Chen et 
al. tried to produce rat MASP-1 and MASP-2 in CHO cells, 
but the wild type proteases were cytotoxic to the cells and 
therefore only inactive mutants could be produced (Chen, 
2001). Rossi et al. expressed full-length human MASP-1 and 
MASP-2 in a baculovirus insect cell system, but due to the 
very low yield the proteases could not be purified to homo 
geneity (Rossi, 2001). 
(0021 Rossi et al. (2001) expressed also CCP1-CCP2-SP 
fragments of MASP-1 and MASP-2 in the baculovirus insect 
cell system, which showed comparable enzymatic activities 
with the full-length molecules towards protein and ester sub 
strates. Said fragments were secreted by the insect cells. 
However, CCP-SP fragment of MASP-2 could not be suc 
cessfully produced in the baculovirus expression system 
(Rossi et al., 2001). Based on these results the authors con 
cluded that the first CCP domain (CCP1) is crucial for activity 
and propose that the smallest active fragment of MASP pro 
teins is the CCP1-CCP2-SP fragment. Moreover, expression 
in abaculovirus/insect cell system has obviously several dis 
advantages from the economic point of view that is relatively 
low yield, high costs and the complexity of purification pro 
cess. Moreover proteins secreted from the insect cells are 
Subject to a possible protease attack. 
0022 Previously, the baculovirus-insect cell system was 
used to produce recombinant C1r and C1s and their fragments 
(14, 20, 21). The yield of the secreted recombinant proteins, 
however, was found to be low. The catalytic C-terminal yB 
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fragment of C1r, consisting of the two CCP domains followed 
by the activation peptide of the protease and the serine pro 
tease domain (B-chain), can be obtained by autolysis or by 
limited proteolysis of extrinsic proteases (e.g. thermolysin) 
(6). However, no recombinant production of the YB fragment 
of C1r or C1s had been disclosed before creation of the 
present invention. Also, no smaller recombinant fragments of 
the C1r or C1s catalytic region had been disclosed. In par 
ticular, no prokaryotic expression of C1r or C1s fragments 
had been suggested in the art. 
0023 To circumvent the problems outlined above the 
present inventors decided to attempt recombinant expression 
of the catalytic fragments of multidomain serine proteases 
capable of binding to recognition molecules of the comple 
ment cascade. In spite of the fact that these are complex, 
multi-domain proteins which are of mammalian origin, 
inventors decided to choose a prokaryotic, in particular a 
bacterial system, more particularly an E. coli based system. 
0024. To the best of their knowledge, the present Inventors 
were the first to express and successfully refold multidomain 
serine proteases in bacterial hosts. 
0025. It has long been accepted in the art that the pro 
teolytic yB fragments of C1r and C1s, which consist of three 
domains: two CCP modules and the serine protease domain, 
retain the catalytic activity of the entire molecule both in 
terms of substrate specificity and catalytic efficiency (Villi 
ers, 1985/Arlaud, 1986/Lacroix, 1989). Recent studies with 
recombinant fragments of C1r and C1s reinforced this view 
(Rossi, 1998/Lacroix, 2001). Since the MASP proteases 
share the same domain organization with C1r and C1s, it 
seems plausible that the CCP1-CCP2-SP fragments mediate 
the catalytic activity of these enzymes, as well. This is Sup 
ported by the recent studies of Rossi et al. who showed com 
parable enzymatic activities with the full-length molecules 
towards protein and ester substrates and found that CCP1 
domain is necessary to activity. 
0026 Applying a bacterial expression system, it is an 
object of the invention to produce functionally active frag 
ments of MASP-1, MASP-2, MASP-3, C1s and C1r, with a 
yield sufficient for structural and functional characterization, 
as well as to provide a teaching to prepare the corresponding 
fragments of C1s and MASP-3. Furthermore, a further object 
of the invention is to create fragments from which the CCP 
domains preceding the SP domain were successively deleted 
and to create the respective expression vectors. It is a further 
object of the invention to functionally characterize the frag 
mentS. 

0027. Though in some bacterial systems, mainly in those 
providing low expression levels, the proteins could be 
expressed in a soluble form, overexpression systems are 
advantageous. A usual problem of overexpressing mamma 
lian proteins in bacterial hosts is that the unfolded foreign 
protein forms inclusion bodies and has to be subjected to 
renaturation, though this feature may turn out to be an advan 
tage: the expressed proteins are protected against protease 
attack. Despite a great number of proteins successfully rena 
tured, protein refolding remains a problem to be solved on a 
case-by-case basis Rudolph and Lilie, (1996). It is to be 
mentioned here that, as a matter of course. Successful 
attempts are published and failures usually not. Nevertheless, 
even in the recent past protein refolding was considered as an 
extremely difficult task. By now it is generally approved that 
whereas in vitro refolding of single domain proteins is likely 
to be successful, refolding of multidomain proteins remains a 
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problem the solution of which is far from being obvious 
(Fischer etal EPA 0393 725 A1, Ambrosius et al., EPA 0500 
108). Furthermore, it is also well-known that protein folding 
is usually started at the N-terminal of the polypeptide chain. 
Therefore, if an N-terminal part of a protein is deleted, its 
refolding is significantly encumbered. Moreover, to the best 
of the Inventors knowledge, multidomain serine proteases, in 
particular of human origin, have not been prepared in a folded 
form in a prokaryotic expression system. 
0028 Being aware of the fact that larger molecules are 
more difficult to be refolded, but hoping that the presence of 
the N-terminal portion of the molecule may help inducing the 
folding process, Inventors attempted to renature the entire 
MASP molecules. After the failure of methods at hand, Inven 
tors used a variety of additives and removed them in a step 
wise manner which, of course, raises costs. In spite of this, no 
unambiguously positive results were obtained. 
0029 Surprisingly, inventors found that the C-terminal 
CCP1-CCP2-SP fragment (also named as YB-fragment after 
the nomenclature used for C1s and C1r proteins) of MASP 
proteins and of C1r and C1s proteins could be renatured with 
an improved renaturation method at a sufficient or, under 
preferred conditions, at a high yield. 
0030 Applying this method for smaller fragments success 
or promising results were achieved. In view of former results 
of their own and of those of Rossi et al (2001) it is also 
surprising that inventors found the CCP2-SP and the SP frag 
ments to be active. 
0031. The inventors also recognized that a particularly 
improved method can be carried out if a temperature below 
10° C. and a pH above pH8.7, preferably pH 9 or 10 is applied 
and, preferably, in the refolding buffer at least arginine is 
applied as a chaotropic agent. 
0032. In a similar expression system and renaturation 
method (which was slightly modified by applying higher 
temperature and lower pH) inventors could express and iso 
late recombinant fragments of C1r as well. 
0033. Having now large amounts of pure fragments avail 
able, Inventors could provide a detailed functional character 
ization of the proteins. In particular, Inventors found differ 
ences in substrate and inhibitor specifities of MASP-1 and 
MASP-2, providing a basis for differentially measuring their 
level in serum or in a biological sample. 
0034. The fragments obtained according to the invention 
can be used advantageously, e.g., in drug screening methods 
and for antibody production. Results also suggest possible 
applicability of them, in particular MASP-1, and of their 
inhibitors in medical treatments. 

BRIEF DESCRIPTION OF THE INVENTION 

Methods 

0035. The invention relates to a recombinant method for 
the preparation of an unglycosylated folded C-terminal frag 
ment of a multidomain serine protease, comprising the fol 
lowing steps: 
0036 a bacterial expression vector for expressing a DNA 
insert encoding a C-terminal fragment of a multidomain 
serine protease is provided, 
0037 said protein fragment is produced in a bacterial host 
by using the said vector and obtained in a folded form from 
the bacterial host. 
0038 Preferably, the multidomain serine protease 
encoded by the cDNA insert is a multidomain serine protease 
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of the complement cascade (multidomain complement serine 
protease), wherein said serine protease is of Vertebrata, pref 
erably mammalian, more preferably human origin. 
0039 Preferably, the multidomain serine protease com 
prises at least two CCP domains and a serine protease 
domain, preferably in the following order: CCP1-CCP2-SP 
(which is the same domain structure as e.g. that of the YB 
fragment of e.g. the C1r molecule). 
0040. More preferably a multidomain serine protease hav 
ing the following domain structure CUB-EGF-CUB-CCP1 
CCP2-SP and being capable of binding to a recognition mol 
ecule of the complement pathway, e.g. to MBL or C1q. 
Preferably, the multidomain serine protease is selected from 
the following: MASP-1, MASP-2, MASP-3, C1r and C1q. 
0041 Preferably, the multidomain serine protease C-ter 
minal fragment encoded by the cDNA insert is a fragment of 
comprising one or more domain selected from the following 
domain types: CCP1, CCP2, SP. 
0042. More preferably, the C-terminal fragment has 
essentially a domain structure of any of the following: CCP1 
CCP2-SP, CCP2-SP, SP. 
0043. The C-terminal fragment is preferably selected from 
any of the following: MASP-1 CCP1-CCP2-SP fragment, 
MASP-2 CCP1-CCP2-SP fragment, MASP-2 CCP2-SP 
fragmentor MASP-2 SP fragment, MASP-3 CCP1-CCP2-SP 
fragment, MASP-3 CCP2-SP fragment or MASP-3 SP frag 
ment, C1r CCP1-CCP2-SP fragment (i.e. YB-fragment), C1r 
CCP2-SP fragment or C1r SP fragment, C1s CCP 1-CCP2 
SP fragment (i.e. YB-fragment), C1s CCP2-SP fragment or 
C1s SP fragment. 
0044 As will be understood, the fragments of the inven 
tion may comprise not only “whole' domains but also parts of 
domains provided that the fragment comprises at least one 
domain which is in the folded form. Preferably, the fragments 
of the invention comprise only folded domains besides of 
course, if desired, further useful sequences, e.g. tag 
sequences, as detailed below. 
0045. In a preferred embodiment the fragment of the 
invention comprises on its N-terminal a tag sequence the 
coding sequence of which increases the efficiency of bacterial 
protein expression. 
0046 Said tag sequence is expediently a sequence Suitable 
for the promoter used for expression, preferably a T7-tag 
sequence comprising preferably 3 or 4 amino acids, prefer 
ably of the sequence: Ala-Ser-Met-(Thr). SEQ ID NO:19, 
SEQID NO:20. 
0047. The fragment of the invention may also lack on its 
N-terminal a tag sequence the coding sequence of which 
increases the efficiency of bacterial protein expression due to 
a proteolytic cleavage (e.g. autolytic cleavage), e.g. it is a 
MASP-2 CCP1-CCP2-SP fragment starting with Ile' at its 
N-terminus. 
0048. In a further preferred embodiment said fragment 
comprises mutation. 
0049. In a preferred embodiment the bacterial host is E. 
coli and the expression vector is a vector capable of express 
ing, preferably overexpressing foreign genes in E. coli. 
0050. In a highly preferred embodiment E. coli BL21 
strain is used, the promoter is a T7 promoter, and the vector is 
a pBT vector or a pSE-420 vector. 
0051. In overexpression systems the expressed foreign 
proteins most often form inclusion bodies. Nevertheless, an 
embodiment wherein the protein fragments are expressed in a 
soluble form is also within the claimed scope of the invention. 
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0.052 Preferably, the step of obtaining the C-terminal frag 
ment in a folded form comprises the following steps: 
i) the inclusion bodies formed in the bacterial host are isolated 
ii) the protein fragment molecules are renatured from the 
inclusion bodies, 
iii) optionally, the renatured protein fragment molecules are 
further purified. 
0053 Purification is carried out preferably by ion 
exchange chromatography, more preferably by a combination 
of anion and cation exchange chromatography. In this case 
preferably a higher than 70%, more preferably a higher than 
80%, even more preferably a higher than 90% purity is 
achieved, as detectable by SDS-PAGE. 

Refolding of MASP-Fragments 
0054. In a preferred embodiment the protein fragment is 
MASP-fragment, preferably any of the MASP-fragments as 
defined above. 
0055 M'm.3. For the preparation of MASP protein frag 
ments, in the preparation method step c) above comprises the 
following steps: 
i) solubilization of the inclusion bodies, 
ii) diluting the Solubilized protein fragments and transferring 
them into a refolding buffer, 
iii) allowing the protein fragments to refold at 

0056 apH higher than 7, preferably above pH 8.5, more 
preferably between 8.5 and 10.5 and 

0057 a temperature between 0 and 15° C., 
0.058 in an environment suitable for mildly oxidizing 
cysteine residues into cystines, 

iv) transferring the refolded protein fragments into an appro 
priate buffer. 
0059. In step i) solubilization can be carried out in an 
appropriate solubilization agent, e.g. GuHCl or urea, prefer 
ably in a buffer comprising 6MGuHCl, any suitable reducing 
agent e.g. B-mercaptoethanol or DTT, e.g. 100 mM DTT, and 
optionally a buffering agent, e.g. 0.1 M Tris-HCl (pH 8.3), 
e.g. at room temperature or somewhat lower. In order to avoid 
oxidation of the reducing agents (in particularif DTT is used), 
long incubation periods should be avoided. 
0060. The protein concentration in the solution is prefer 
ably 0.5 to 25 mg/ml, more preferably 1 to 20 or 2 to 10 
mg/ml, even more preferably 3 to 7, e.g. about 5 mg/ml. 
0061. In step ii) the solubilized proteins are preferably 
diluted directly into the refolding buffer. The dilution is at 
least 10 fold, preferably at least 100 fold, more preferably 
200-600 fold, even more preferably about 400 fold. The pro 
tein can be added dropwise or in relatively small portions. 
0062 Prior dilution the refolding buffer is cooled below 
10° C., preferably below 5°C., more preferably to about 0°C. 
Preferably, the buffer is degassed before adding the solubi 
lized protein. 
0063. In step iii), during refolding, the refolding buffer 
comprises a redox system, e.g. cysteine/cystine system or a 
glutathione system wherein the ratio of the reduced and oxi 
dized forms is set to provide an mildly reductive environment, 
e.g. wherein the reduced/oxidized ratio is 10:1 to 1:1. Prefer 
ably, glutathione is used wherein the ratio of the reduced and 
oxidized forms is about 3 to 1, e.g. 3 mM and 1 mM, respec 
tively. 
0064. The refolding buffer further comprises a chaotropic 
agent in an appropriate concentration, e.g. arginine (0.5 to 1.0 
M). In case of MASP-2, GuHCl (0.5 to 2.0M) can be used. A 
mixture of arginine and GuHC1 is also applicable within the 
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concentration ranges given above (preferably at most 3.0 M 
together), and being aware of this fact the skilled person will 
be able to set the appropriate ratio for each protein. 
0065 Refolding is carried out at a temperature between 0 
to 15° C., preferably between 0 to 10° C., more preferably 
between 4 to 8° C. In a highly preferred embodiment the 
refolding is carried out at 6° C. 
0066. The protein fragments may refold very fast; never 

theless, they should be allowed to refold for a while to reduce 
the number of aggregates and misfolded molecules, e.g. at 
least a few minutes or preferably at least hours e.g. at least 2, 
3 or 4 hours or overnight. The proteins may be allowed to 
refold for longer, e.g. one or two days or even more. Duration 
is limited by usual factors influencing limits of storage of 
protein solutions. 
0067 Preferably, the refolding buffer comprises a pro 
tease inhibitor, e.g. EDTA or one or more other known pro 
tease inhibitor and any appropriate buffering agent, e.g. 50 
mM Tris. 
0068 Thus, in a preferred embodiment of the method 

i) solubilization is carried out in the presence of 5 to 6 M 
GuPHCl in a suitable solubilization buffer, 
ii) the solubilized proteins are diluted 200 to 600 fold into the 
refolding buffer previously cooled to a temperature between 
O to 10°C., 
iii) the refolding buffer comprises a chaotropic agent, prefer 
ably arginine; reduced and oxidized glutathiones in a ratio of 
10:1 to 1:1; and preferably a buffering agent and one or more 
protease inhibitor(s); and refolding is carried out at a tem 
perature between 0 to 10° C. 
iv) the refolded proteins are dialyzed into a buffer of a pH 
above the pl of the protein fragment. 
0069. In a preferred embodiment the MASP protein frag 
ment is MASP-1 CCP1-CCP2-SP fragment, MASP-2 CCP1 
CCP2-SP fragment or MASP-2 CCP2-SP fragment and the 
pH of the refolding buffer is between pH 8.5 and 9.5, prefer 
ably about pH 9.0. 
0070. In a further preferred embodiment the MASP pro 
tein fragment is MASP-2 SP fragment and the pH is between 
pH 9.5 to 10.5, preferably pH 10. 
(0071. In a further preferred embodiment the MASP pro 
tein fragment is MASP-2 fragment and in the refolding buffer 
the chaotropic agent is 0.5 to 2 MGuHCl or at least 0.5 M of 
a mixture of maximum 2 M GuFHCl and maximum 1 M 
arginine. 

Refolding of C1r Fragments 
0072. In a further preferred embodiment the protein frag 
ment is C1 serine protease fragment, e.g. a Cls or a C1r 
fragment, preferably any of the C1r fragments as defined 
above. 
0073 Preferably, for the preparation of C1r protein frag 
ments, in the preparation method step c) comprises the fol 
lowing steps: 
i) solubilization of the inclusion bodies, 
ii) diluting the Solubilized protein fragments and transferring 
them into a refolding buffer, 
iii) allowing the protein fragments to refold at 

(0074 a pH higher than 5, preferably between 7 and pH 
8.5 and 

(0075 a temperature between 0 and 15° C., 
0076 in an environment suitable for mildly oxidizing 
cysteine residues into cystines 
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iv) transferring the refolded protein fragments into an appro 
priate buffer. 
0077. In step i) solubilization can be carried out in an 
appropriate solubilization agent, e.g. GuHCl or urea, prefer 
ably in a buffer comprising 6MGuHCl, any suitable reducing 
agent e.g. B-mercaptoethanol or DTT, e.g. 100 mM DTT, and 
optionally a buffering agent, e.g. 0.1 M Tris-HCl (pH 8.3), 
e.g. at room temperature or somewhat lower. In order to avoid 
oxidation of the reducing agents (in particularif DTT is used), 
long incubation periods should be avoided. 
0078. The protein concentration in the solution is prefer 
ably 0.5 to 25 mg/ml, more preferably 1 to 20 or 2 to 10 
mg/ml, even more preferably 3 to 7, e.g. about 5 mg/ml. 
0079. In step ii) the solubilized proteins are preferably 
diluted directly into the refolding buffer. The dilution is at 
least 10 fold, preferably at least 100 fold, more preferably 
200-600 fold, even more preferably about 400 fold. The pro 
tein can be added dropwise or in relatively small portions. 
0080. In step iii), during refolding, the refolding buffer 
comprises a redox system, e.g. cysteinelcystine system or a 
glutathione system wherein the ratio of the reduced and oxi 
dized forms is set to provide an mildly reductive environment, 
e.g. wherein the reduced/oxidized ratio is 10:1 to 1:1. Prefer 
ably, glutathione is used wherein the ratio of the reduced and 
oxidized forms is about 3 to 1, e.g. 3 mM and 1 mM, respec 
tively. 
I0081. The refolding buffer further comprises a chaotropic 
agent in an appropriate concentration, preferably GuHCl 
(preferably 2.0 M). 
I0082 Refolding is carried out at a temperature between 0 
to 15° C., preferably between 4 to 15° C. 
I0083. The protein fragments may refold very fast; never 
theless, they should be allowed to refold for a while to reduce 
the number of aggregates and misfolded molecules, e.g. at 
least a few minutes or preferably at least hours e.g. at least 2, 
3 or 4 hours or overnight. The proteins may be allowed to 
refold for longer, e.g. one or two days or even more. Duration 
is limited by usual factors influencing limits of storage of 
protein solutions. 
I0084 Preferably, the refolding buffer comprises a pro 
tease inhibitor, e.g. EDTA or one or more other known pro 
tease inhibitor and any appropriate buffering agent, e.g. 50 
mM Tris. 

Bacterial Expression Vectors 

I0085. In a yet further aspect of the invention a prokaryotic 
expression vector is provided, said vector comprising a DNA 
insert encoding a C-terminal fragment of a multidomain 
serine protease and means for expressing said fragment in a 
bacterial host. 

I0086 Preferably, the prokaryotic expression vector is a 
bacterial vector and said DNA insert is a cDNA insert. 

I0087 Preferably, the cDNA insert encodes a fragment 
comprising one or more domain selected from the following 
domain types: CCP1, CCP2, SP. 
I0088 Preferably, the said clNA insert encodes afragment 
of a multidomain serine protease of the complement cascade 
(multidomain complement serine protease), more preferably 
a multidomain serine protease capable of binding to a recog 
nition molecule of the complement pathway, e.g. to MBL or 
C1q, preferably a multidomain serine protease selected from 
the following: MASP-1, MASP-2, MASP-3, C1r and C1q. 
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0089 Preferably, the c-DNA insert encodes a protein frag 
ment having essentially a domain structure of any of the 
following: CCP1-CCP2-SP, CCP2-SP, SP. 
0090 Preferably, the C-terminal fragment is selected from 
any of the following: MASP-1 CCP1-CCP2-SP fragment, 
MASP-2 CCP1-CCP2-SP fragment, MASP-2 CCP2-SP 
fragmentor MASP-2 SP fragment, MASP-3 CCP1-CCP2-SP 
fragment, MASP-3 CCP2-SP fragment or MASP-3 SP frag 
ment, C1r CCP1-CCP2-SP fragment (i.e. YB-fragment), C1r 
CCP2-SP fragment or C1r SP fragment, C1s CCP1-CCP2-SP 
fragment (i.e. YB-fragment), C1s CCP2-SP fragment or C is 
SP fragment. 
0091. In a preferred embodiment, the cDNA insert com 
prises a sequence encoding a further amino acid sequence 
operably linked to the sequence encoding the protein frag 
ment. Such further sequence can be e.g. a sequence increasing 
the efficiency of bacterial protein expression, or a sequence 
encoding a tag sequence, e.g. an N-terminal tag sequence. 
0092 Said tag sequence is expediently a sequence suitable 
for the promoter used for expression, preferably a T7-tag 
sequence comprising preferably 3 or 4 amino acids, prefer 
ably of the sequence: Ala-Ser-Met-(Thr). SEQ ID NO:19, 
SEQID NO:20. 
0093. In a further preferred embodiment said fragment 
comprises mutation. 
0094. Any vector as described above wherein the means 
for expressing the DNA insert sequence encoding any of the 
protein fragments as disclosed above, operably linked to a 
promoter, preferably an inducible overexpressing promoter 
capable of driving expression in a Suitable bacterial host. 
Preferably, the bacterial host is E. coli, more preferably an E. 
coli strain Suitable for overexpression, e.g. the BL21 strain, 
and the promoter is a promoter driving overexpression, e.g. 
the T7 promoter. The vector advantageously is a multicopy 
vector carrying a selectable marker and a suitable cloning 
site, e.g. the vector is a pBT vector or a pSE-420 vector. 

Protein Fragments 

0095. In an aspect the invention relates to a C-terminal 
fragment of a multidomain serine protease of the complement 
cascade (multidomain complement serine protease), obtained 
by the method of any of M, wherein said fragment is ungly 
cosylated and folded. 
0096. In a preferred embodiment, the multidomain serine 
protease is a serine protease capable of binding to a recogni 
tion molecule of the complement pathway, e.g. MBL or C1q. 
0097. The multidomain serine protease according to the 
invention is of vertebrata, preferably mammalian, more pref 
erably human origin. 
0098. In an aspect the invention relates to an unglycosy 
lated folded C-terminal fragment of a multidomain serine 
protease comprising at least two CCP domains and a serine 
protease domain, preferably in the following order: CCP1 
CCP2-SP, which is the same domain structure as e.g. that of 
the YB-fragment of e.g. the C1r molecule. Preferably, the 
serine protease has the following domain structure CUB 
EGF-CUB-CCP1-CCP2-SP. 
0099 Preferably, the multidomain serine protease is a 
MASP. 

0100. In a further embodiment, the multidomain serine 
protease is a serine protease of the C1 complex. 
0101 Preferably, the C-terminal fragment comprises one 
or more of any of the following domains: CCP1, CCP2, SP. 
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more preferably has essentially a domain structure of any of 
the following: CCP1-CCP2-SP, CCP2-SP, SP. 
0102 Preferably, the C-terminal fragment is selected from 
any of the following: MASP-1 CCP1-CCP2-SP fragment, 
MASP-2 CCP1-CCP2-SP fragment, MASP-2 CCP2-SP 
fragmentor MASP-2 SP fragment, MASP-3 CCP1-CCP2-SP 
fragment, MASP-3 CCP2-SP fragment or MASP-3 SP frag 
ment, C1r CCP1-CCP2-SP fragment (i.e. YB-fragment), C1r 
CCP2-SP fragment or C1r SP fragment, C1s CCP1-CCP2-SP 
fragment (i.e. YB-fragment), C1s CCP2SP fragment or C1s 
SP fragment. 
0103) As will be understood, the fragments of the inven 
tion may comprise not only “whole' domains but also parts of 
domains provided that the fragment comprises at least one 
domain which is in the folded form. 

0104. In an embodiment the fragment of the invention 
comprises an additional amino acid sequence. 
0105. In a preferred embodiment the fragment of the 
invention comprises on its N-terminal a tag sequence the 
coding sequence of which increases the efficiency of bacterial 
protein expression. 
0106 Said tag sequence is expediently a sequence Suitable 
for the promoter used for expression, preferably a T7-tag 
sequence comprising preferably 3 or 4 amino acids, prefer 
ably of the sequence: Ala-Ser-Met-(Thr). 
0107 The fragment of the invention may also lack on its 
N-terminal a tag sequence the coding sequence of which 
increases the efficiency of bacterial protein expression due to 
a proteolytic cleavage (e.g. autolytic cleavage). For example, 
the fragment can be a MASP-2 CCP1-CCP2-SP fragment 
starting with Ile' at its N-terminus. 
0108. Any fragment, however, which carries an evidence 
of having been produced by a nonbacterial expression system 
is of course excluded from the scope of the invention. For 
example fragments having a secretion signal sequence, either 
mammalian or a signal sequence operable in insect cells, or a 
part thereof, or additional amino acids obviously used for 
linking the fragments of the multidomain serine protease to a 
Such sequence are not claimed according to the invention. For 
example, MASP-2 CCP1-CCP2-SP fragments carrying such 
sequences are excluded. Fragments, which are glycosilated, 
are not covered by the present invention, as well. 
0109. In a further preferred embodiment said fragment of 
the invention is autoactivated or capable of being autoacti 
vated. 

0110. In a further preferred embodiment said fragment 
comprises mutation. 
0111. The mutated fragment can be inactivated or can be 
incapable of autoactivating. Thereby said mutants are proof 
against autoactivation and autodegradation. 
0112. In a highly preferred embodiment the activation site 
of the SP-domain, e.g. the Arg-Ile bond of the activation site 
is mutated, preferably to Gln-Ile. It is preferred, if the mutants 
can be activated in a regulated way, e.g. by thermolysin. 
0113. According to a further possibility, the active Ser is 
mutated, e.g. to Gly, Ala, Thr, Val, etc., preferably to Ala. 
0114. As will be understood, any amino acid or a group of 
amino acids can be mutated in the fragments by using the 
expression and purification system of the invention. Further 
more, deletion mutants can be created, e.g. C-terminal dele 
tion mutants which may be inactive, as well. 
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0115. In a further aspect, the invention also relates to 
folded, functional MASP-2 CCP2-SP fragments and 
MASP-2 SP fragments. 

Uses 

0116. In a further aspect of the invention the following 
uses are provided: 
0117 Use of any of the fragments of the invention for 
raising antibodies. Preferably, said antibodies are suitable for 
detecting folded multidomain complement serine proteases, 
e.g. folded MASP-1, MASP-2 or MASP-3, more preferably 
MASP-1 or MASP-2 or measuring folded MASP-1 or 
MASP-2 or MASP-3, more preferably MASP-1 or MASP-2 
level in a biological sample. 
0118 Use of any of the fragments of the invention as a 
standard or a control in assessing the level or activity of a 
multidomain complement serine protease in a biological 
sample. 
0119 The level of a multidomain complement serine pro 

tease, a MASP. C1r or C1s, can be measured by a labeled 
monoclonal antibody. Many ways of this is known, e.g. 
ELISA, RIA, DELFIA etc. If the antibody is bound to an 
epitope on a CCP1, CCP2 or an SP domain, a suitable frag 
ment of the said protease according to the invention can be 
used as a control or standard provided that said fragment 
comprises the domain carrying said epitope. 
0120 Ifactivity of a multidomain complement serine pro 
tease is assayed in a biological sample on a Substrate of said 
protease, e.g. a Substrate obtained by Screening according to 
the invention, in Suchanassay an appropriate fragment of said 
protease according to the invention can be used as a standard 
or a control. 

0121 Use of the fragments of the invention for screening 
substrates or inhibitors of MASP-1 or MASP-2 or MASP-3, 
more preferably MASP-1 or MASP-2. In a preferred embodi 
ment oligopeptides are screened, e.g. peptides comprising 
Arg and/or Lys residue(s). 
0122) Suitable antibodies can inhibit binding of the frag 
ment to their substrates. Such antibodies, preferably mono 
clonal antibodies can be prepared and then selected by 
screening according to the invention. Moreover, antibodies 
inhibiting dimerization of C1r molecules can be devised or 
prepared (raised and selected). Thereby the activation of the 
classical pathway could be inhibited selectively. 
0123 Thus, the invention also relates to antibodies pre 
pared by using the protein fragments of the invention. 
0.124. The fragments of the invention can be used to pre 
pare composite protein molecules functioning as whole 
MASP molecules, provided that the lacking N-terminal frag 
ment of the MASP in question, comprising the rest of 
domains or a part of them, is provided in a native form and 
bound to the C-terminal portion of a fragment according to 
the invention. Thereby a tool for studying domain structure 
and the role of individual domains can be prepared. 
0.125 Thus, the fragments of the invention can be used as 
research tools in a variety of fields related to complement 
research as demonstrated herein. 

0126 Furthermore, the invention relates to the use of any 
of the MASP-1 fragments of the invention for the preparation 
of a pharmaceutical composition for inducing blood coagu 
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lation and the use of an inhibitor of MASP-1 for reducing 
blood coagulation. Preferably, said inhibitor is Mor C1-in 
hibitor. 

Assay Methods 
I0127. According to a further aspect the invention relates to 
the following assay methods: 
I0128. An assay method for measuring the level of a mul 
tidomain complement serine protease in a biological sample, 
wherein the presence of said serine protease is quantitatively 
detected in the sample by a labeled monoclonal antibody and 
the obtained signal is compared with a signal obtained for a 
control sample comprising a respective complement protease 
fragment according the invention. 
I0129. An assay method for measuring the activity of a 
multidomain complement serine protease in a biological 
sample, wherein the activity on a Substrate of said protease is 
measured, e.g. a substrate obtained by Screening according to 
the invention, and an appropriate fragment of said protease 
according to the invention is used as a standard or a control 
provided that it has the same specific activity as the respective 
protease or the ratio of the activities of the native protease and 
the fragment is known. Preferably, in this assay method a 
CCP1-CCP2-SP fragment of said protease is used. 
0.130. An assay method for assessing MASP-1 and 
MASP-2 levels in a sample of biological origin, said method 
comprising 

0131 monitoring C2 cleavage and C4 cleavage by 
MASP proteins in aliquots of the sample whereas, if 
desired, other complement pathways are blocked, 

0.132 considering C4 conversion as a result of MASP2 
activity and C2 conversion as a result of MASP-1 and 
MASP-2 activity together 

0.133 calculating MASP-1 and MASP-2 levels using 
either known specific activity values of said proteins or 
MASP-1 and MASP-2 CCP1-CCP2-SP fragments, 
respectively, as inner standards. 

I0134. An assay method for assessing MASP-1 and 
MASP-2 levels in a sample of biological origin, said method 
comprising 

0.135 monitoring C2 cleavage in the sample and con 
sidering C2 conversion as a result of MASP-1 and 
MASP-2 activity together, 

0.136 adding a calculated amount of C.2M to the sample 
to inhibit MASP-1 activity but leaving MASP-2 activity 
unchanged or changing it to a negligible or a calculable 
eXtent, 

0.137 
C2M, 

0138 calculating MASP-1 and MASP-2 levels using 
either known specific activity values of said proteins or 
MASP-1 and MASP-2 CCP1-CCP2-SP fragments, 
respectively, as inner standards. 

0.139 Methods for blocking the classic and the alternative 
pathways of the complement cascade are known, see e.g. U.S. 
Pat. No. 6,297.024. 
0140. A diagnostic kit for carrying out any of the assay 
methods of the invention said kit comprising a fragment of the 
invention is also provided. 

monitoring C2 activity in the sample comprising 

Treatment 

0.141. The invention also relates to a method for inducing 
fibrin formation from fibrinogen or blood coagulation com 
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prising adding any of the MASP-1 fragments to a sample or 
administering them to a Subject. 
0142. The invention also relates to a method for treating 
patients deficient in MASP-1 or in need of MASP-1 by 
administering a MASP-1 CCP1-CCP2-SP fragment to the 
patient. 
0143. The invention further relates to a method of reduc 
ing the activity of a human MASP-1 serine protease, com 
prising contacting said MASP-1 with C.2M in at least a sto 
ichiometrically significant quantity. 
0144. Moreover, the invention relates to a method for 
treatment of a patient in need of inhibiting complement activ 
ity, comprising administering any inhibitor of the respective 
complement pathway prepared or screened as described 
above. Preferably, the invention further relates to a method for 
treatment of a patient in need of inhibiting complement activ 
ity exerted through the lectin pathway, which rises in comple 
ment related diseases, said treatment comprising the admin 
istration of any inhibitor of the lectin complement pathway, 
preferably an inhibitor of MASP-2, prepared or screened as 
described above. Preferably, the treated condition is reperfu 
sion injury. 

DEFINITIONS AND ABBREVIATIONS 

0145 A “multidomain complement serine protease' is 
understood herein as a multidomain serine protease of the 
complement cascade. 
0146 A "supramolecular complex initiating the comple 
ment cascade' is meant herein as a supramolecular protein 
complex capable of binding to activator structures and acti 
vate the corresponding pathway of the complement system. 
Such complexes e.g. are the MBL/MASP complex or the C1 
complex. 
0147 A “recognition molecule of the complement sys 
tem’ is a molecule capable of binding to activator structures 
triggering the complement cascade. Such molecules are e.g. 
MBL and C1q which are parts of supramolecular complex 
initiating the complement cascade. 
0.148. A “MASP molecule' is understood as an MBL 
associated serine protease having a domain structure consist 
ing of at least two complement control protein (CCP) and one 
serine protease (SP) domain or module. The domainstructure 
of a MASP molecule is preferably the following: CUB-EGF 
CUB-CCP1-CCP2-SP. 
0149. A “CCP domain” (complement control protein 
domain) is a domain of about 50 to 70, preferably about 60 
amino acids having a compact hydrophobe core comprising at 
least 5 antiparallel B-sheets. A CCP domain comprises 4 
conserved cystein residues which form disulfide bridges 
according to the following pattern: 1-3, 2-4. 
0150. An SP domain (“serine protease') of a multidomain 
complement serine protease, in particular a MASP. C1r or 
C1s is in general characterized by a chymotrypsin-like fold, 
i.e. which has two beta-barrel domains, and each of them 
contains 6 beta-sheets arranged as antiparallel sheets. The 
active site residues are far apart in the primary sequence but 
are brought together in a crevice. 
0151. The terms “module” and “domain” have the same 
meaning throughout the description. Domain boundaries of 
domains of multidomain complement serine proteases as 
mentioned herein are basically described in the Complement 
Factsbook By Morley, B., Published By Academic Press, 
Inc., (2000) which is incorporated herein by reference. Nev 
ertheless, a protein fragment is considered hereinas compris 
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ing an essentially whole domain if the polypeptide portion of 
said domain, which is at leastessentially capable offolding to 
its 3 dimensional structure or comprises sufficient amino 
acids so as to have a definite 3 dimensional structure. 
0152. A protein “fragment of a multidomain complement 
serine protease is meant herein as a portion of a polypeptide 
having a sequence homologous to the sequence of the corre 
sponding portion of a known variant of said molecule, 
wherein the level of homology is at least 50%, preferably at 
least 60 or 70, even more preferably 80, 85,90, 93, 95, 96, 97 
or 98%. 
0153. The amino acid positions in protein fragments are 
numbered according to the numbering of the multidomain 
complement serine protease. 
0154 A C-terminal fragment of a multidomain comple 
ment serine protease is a fragment comprising essentially the 
C-terminal amino acid sequence of the said protease or a 
fragment the C-terminal amino acid of which is an amino acid 
the position of which, considering the numbering of the serine 
protease, is not farther then 50, preferably 40, 30, 20, 15 or 
highly preferably 10 or 5 amino acid positions from the origi 
nal C-terminal position of the said multidomain complement 
serine protease. 
0.155. A “folded fragment of a multidomain complement 
serine protease, e.g. a serine protease of a Supramolecular 
complex initiating the complement cascade, e.g. a MASP 
molecule, a C1r or a C1s molecule, is meant herein as a 
fragment comprising at least one domain, corresponding to a 
domain of a known MASP or C1r or a C1s molecule, said 
domain having essentially a native tertiary structure as 
detected by any method known to be suitable for that purpose 
in the art, e.g. SDS-PAGE, activity, or any method for detect 
ing a function of the molecule, and spectroscopic methods 
e.g. fluorescence methods, CD-spectroscopy or protein crys 
tallography. Preferably, all the domains in the folded frag 
ment are folded. As a matter of course a folded fragment may 
contain peptide segments which constitute a part of another 
domain of the MASP molecule or additional sequences or 
amino acids (e.g. tags) provided that the above criteria are 
fulfilled. 
0156 The abbreviation C.2M is for O-2-macroglobulin, 
whereas C1, C2, C3, C4 and Cli or C1 inhibitor are the usual 
abbreviations of components of the complement cascade. 
0157. Other abbreviations, terms and expressions are used 
herein as common in the art. 
0158 Sequences of human MASP as well as C1r and C1s 
proteins are well known in the art from various sources. Such 
sequences are given e.g. in the EntreZ Protein database, e.g. at 
the following accession numbers: 

MASP-1 

0159. NP 001870 (isoform 1) 
NP 624302 (isoform 2) 
XP 193834 (mouse) 
NP 071593 (rat) etc 

MASP-2 

(0160 000187 (human, precursor) 
NP 006.601 (human, isoform 1)) 

MASP-3 

(0161 AAN39851 (rat) 
BAB69688 (mouse) 
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C1r 

(0162 P00736 (human, precursor) 
NP 001724 (human) 

C1s 

(0163 P09871 (human, precursor) 
NP 65918.7 (mouse) 

BRIEF DESCRIPTION OF THE FIGURES 

0164 FIG. 1: A schematic representation of pathways of 
complement activation. Unclarified parts standing in the 
focus of the attention of the present study are indicated in light 
gray. 
0.165 FIG. 2: Modular structure of proteins known to be 
associated with MBL. Five non-enzymatic domains can be 
found at the N-terminus of the MASPs and a serine protease 
domain at the C-terminus, which are cleaved upon activation. 
(0166 FIG. 3: Expression of the MASP-1 and MASP-2 
fragments. Expression was carried out as described in the 
Materials and Methods section. 
(0167 FIG. 4: Coomassie stained SDS-PAGE of the puri 
fied MASP-1 and MASP-2 fragments (MASP-1yB, MASP 
2yB, MASP-2 CCP2-SP, MASP-2 SP). Following renatur 
ation the fragments were purified using ion exchange and 
hydrophobic interaction chromatographies on Mono-S, 
Mono-Q and HIC PE columns. The MASP-2 fragments 
became activated during the purification process indicating 
the capability to autoactivate. MASP-1B was fully activated 
before the chromatography steps and co-purified with a major 
contaminant. N-terminal amino acid sequencing yielded the 
expected sequences. 
(0168 FIG. 5: C2, live C3, dead C3, C4 cleavage activities 
of the MASP-1 and MASP-2 fragments. Purified fragments 
were incubated with purified C2 (A), live C3, C3(NH) (B) 
and C4 (C) for 0 to 40 minutes. Sample aliquots were taken to 
monitor the reaction. The samples were run on SDS-PAGE 
and the decrease of the cleavable chains was analyzed densi 
tometrically. Upon preincubation of the MASP fragments 
with C1-inhibitor no cleavages could be observed. 
(0169 FIG. 6: Radiogram of an SDS-PAGE run under 
reducing conditions of the indicated inhibitors with the 
MASP-1 and MASP-2 fragments (MASP-1yB, MASP-2YB, 
MASP-2 CCP2-SP, MASP-2 SP) 
(0170 FIG. 7: The percentage of reacted peptides (% 
decrease of peak area, y-axis) of a given P1 site (Lys or Arg) 
during a time period given in minutes (X-axis). Peaks are 
normed. 
0171 FIG. 8: Agarose gel of amplified MASP-3 fragment 
0172 FIG. 9: Modular structure of human C1r Recombi 
nant fragments of the catalytic region used in this study were 
CCP1-CCP2-SP, CCP2-SP, and SP. TheyB fragment that can 
be obtained from the entire C1r molecule by limited proteoly 
sis and our recombinant CCP1-CCP2-SP fragment have the 
same domain structure. The S654A catalytic site- and the 
R463Q activation site mutants are also presented. 
(0173 FIG. 10. SDS-PAGE of the renatured and purified 
C1r fragments A: Wild-type C1r fragments, non reducing 
conditions: (lane 1) CCP1-CCP2-SP, (lane 2) CCP2-SP, (lane 
3) SP; reducing conditions: (lane 4) CCP1-CCP2-SP, (lane 5) 
CCP2-SP, (lane 6) SP. Proteins were analysed on a 12.5% 
polyacrylamide gel. The enzymes are fully activated after 
purification. B: R463Q mutant Zymogen fragments and their 
thermolysin activated two-chainforms (10 Uthermolysin/mg 
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C1r fragment, 2 h, 30° C.), reducing conditions: (lane 1, 2) 
R463Q CCP1-CCP2-SP, (lane 3,4) R463Q CCP2-SP, lane (5, 
6) R463Q SP, Zymogen and activated forms, respectively, 
(lane 7) thermolysin. 
0.174 FIG. 11. Relative molecular weights of C1r frag 
ments vs. pH determined by gel filtration chromatography SP 
(), CCP2-SP(t), and CCP1-CCP2-SP (v). CCP1-CCP2-SP 
shows a dimer-monomer transition with a midpoint at pH 5.5. 
Molecular weights were determined on a Superose-12 col 
umn using a protein standard series at every pH, at 25°C., as 
described in Materials and methods. 
(0175 FIG. 12. DSC melting curves of the C1r fragments 
SP ( ), CCP2-SP (----) and CCP1-CCP2-SP (...... ) 
in 20 mM Tris pH 8.3 buffer containing 145 mM NaCl. The 
protein concentration was 0.1 mg/ml. A heating rate of 1° 
C./min was used. 
(0176 FIG. 13. Proenzyme C1s cleavage by C1r CCP1 
CCP2-SP The figure shows a typical experiment which was 
carried out in 20 mM Tris pH 7.4 containing 145 mM NaCl 
with an enzyme:substrate ratio of 1:50 at 30°C. The gener 
ated active C I s molecules were monitored through their 
esterolytic activity on Z-Lys-S-BZl substrate. 
(0177 FIG. 14. Cleavage of CCP2-SP S654A zymogen 
mutant by wild-type CCP2-SP The reaction was performed in 
20 mM Tris, 145 mM NaCl, pH 8.3 at 37° C. An enzyme: 
substrate ratio of 1:15 was used. The activation process was 
followed by 12.5% SDS-PAGE under reducing conditions. 
Reaction times for the appropriate lanes are indicated. After 
cleavage the CCP2 and SP domains are separated under 
reducing conditions. 
(0178 FIG. 15. Zymographic detection of MASP-1 and 
MASP-2 on gelatine; photo of the PAGE gel. White band 
shows that MASP-1 has digested a considerable amount of 
gelatine whereas MASP-2, having a significantly narrower 
Substrate specificity, has not. 

DETAILED DESCRIPTION OF THE INVENTION 

0179 Below the invention is further explained via specific 
examples. The skilled person will understand that many 
variations based on the same inventive idea can be carried out, 
said variations being therefore within the scope of the inven 
tion. 

1. Materials and Methods 

Construction of Recombinant Plasmids for the Expression of 
the MASP-1, MASP-2 and MASP-3 Fragments 
0180 Coding sequences of MASP-1 and MASP-2 frag 
ments were obtained by PCR starting from bacterial vectors 
comprising full length cDNAs of the human liver MASP 
proteins (the vectors were a kind gift of Dr. Schwable, W. 
Institut fur Hygiene, University of Innsbruck, Austria). The 
cDNAs are also available from human liver cDNA library and 
are disclosed e.g. by Takada Fet al. (1993) and Sato Tet al. 
(1994) (MASP-1, Swiss-Prot accession No: P4.8740) and by 
Thiel Set al. (1997) and Stover C. M. etal. (MASP-2, Swiss 
Prot accession No: O00187). 
0181 For all recombinant constructs the pET-17b expres 
sion vector was digested with Nhe and EcoRI restriction 
endonucleases and PCR products with identical sticky ends 
were ligated into the plasmid. In the case of the MASP-1 
CCP1-CCP2-SP construct the following forward and reverse 
primers were used: GCGGCTAGCATGACTGGTAAT 
GAGTGCCCAGAGCTA, SEQ ID NO:1, and GCGGAAT 
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TCTCAGTTCCTCACTCCGGTGACCCT, SEQ ID NO:2, 
(the NheI and EcoRI restriction sites are highlighted). 
0182 Preceding the MASP-1 sequence the forward 
primer contained the codon of four amino acids (Ala-Ser 
Met-Thr) of the T7-Tag sequence, which increased the effi 
ciency of the recombinant protein expression. As a result of 
this the N-terminus of the recombinant MASP-1 contained 
the four extra amino acids and the MASP-1 sequence began 
with Gly” and ended with Asn'. The same strategy was 
followed upon constructing the MASP-2 fragments. The 
reverse primer for the three MASP-2 constructs was the same: 
GCGGAATTCTTAAAAATCACTAATTATGTTCTCG, 
SEQ ID NO:3, therefore all recombinant fragmentended with 
Phe. The forward primers for MASP-2 CCP1-CCP2-SP. 
CCP2-SP and SP were: GCGGCTAGCATGACTGGTTG 
GAAGATCCACTACACG, SEQ ID NO:4, GCGGCTAG 
CATGACTATTGTTGACTGTGGCCCTCCTG, SEQ ID 
NO:5, and GCGGCTAGCATGACTCCTGTTTGTGGAC 
TATCAGCC, SEQID NO:6, respectively. 
0183. The recombinant CCP1-CCP2-SP construct con 
tains the Ala-Ser-Met tripeptide before the Thramino acid 
of MASP-2 at the N-terminus. In the case of the CCP2-SP and 
SP fragments the Ala-Ser-Met-Thr extra tetrapeptide is fol 
lowed by Ile and Pro" of MASP-2, respectively. 
0184 For cloning MASP-3 only two new primer had to be 
designed, since its first five domains is identical with those of 
MASP-1 (i.e. only the serine-protease domain is different). 
0185. Reverse primer to MASP-3 SP domain: 

GCGGAATTCTCACCGTTCCACCTGGGGCTCCAC, , 

0186 This primer comprises the EcoRI cleavage site to 
facilitate inserting the PCR-product into an expression vector. 
The recombinant proteins will thus end with a C-terminal Arg 
at position 728. 
0187. Forward primer to MASP-3 SP domain: 

SEO ID NO : 7 

GCGGCTAGCATGACTCTTCCAGAGTGTGGTCAGCCC, , 

0188 This primer comprises the NheI cleavage site, and 
the recombinant protein will start with the Lys at position 433, 
which is preceded by the usual Ala-Ser-Met-Thr sequence. 
(0189 For CCP2-SP and CCP1-CCP2-SP construct the 
corresponding MASP-1 forward primers were used. In the 
PCR reaction human liver cDNA was used as a template. 
However, at a first attempt, no product was obtained irrespec 
tive of the primer pair used. 
(0190. Thereafter a “nested PCR method was attempted. 
Two new primer pairs were designed corresponding to some 
what farther sequence sections. 

SEQ ID NO: 8 

Forward: 
CCTGTTCCATAGTGACAACTCGGGAGAGAA SEO ID NO: 9 

Rewerse : 

GGGAGGCAGGCCCCGAGGAAGTAAGTCAGC, , SEQ ID NO : 10 

0191) With these primers apparently appropriate products 
were obtained. This product was used then as a template for 
the original primers. In this case products of appropriate size 
were obtained as demonstrated on agarose gels. 
Construction of Recombinant Plasmids for Expression of the 
C1r Fragments 
0.192 The cDNA fragments corresponding to the amino 
acids 309-705 (CCP1-CCP2-SP), 376-705 (CCP2-SP) and 
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451-705 (SP) amino acids of human C1r were amplified by 
PCR using the proof reading Pful DNA polymerase enzyme 
(Stratagene, LaJolla) and the full-length cDNA template (9). 
For the amplification procedure the following forward prim 
ers were obtained from East Port Scientific (Budapest, Hun 
gary): 5'GCGAAGCTTGCCCCCAGCCCAAGACCCTA3', 
SEQ ID NO:11, 5'GCGAAGCTTGTGGGCAGC 
CCCGAAACCTG 3', SEQ ID NO:12, 5'GCGAAGCT 
TGTGGGAAGCCCGTGAACC3', SEQ ID NO:13, in the 
case of CCP1-CCP2-SP, CCP2-SP and SP respectively. The 
reverse primer was 5'GCGGTCGACTCAGTCCTCCTC 
CTCCATCT3', SEQID NO:21, for each fragment. The PCR 
products were digested with HindIII and SalI (cleavage sites 
are highlighted) and were ligated into the HindIII/XhoI site of 
the plT-17b expression vector (Novagen, Madison) in frame 
with the following Tag sequence 5'ATGTGCAC 
CCAAGCT3', SEQID NO:14. As a result of this the recom 
binant proteins contained four extra amino acids (Ser-Thr 
Gln-Ala) at their N-terminus. The constructs were verified by 
DNA sequencing. In vitro mutagenesis experiments were 
carried out by means of the QuickChange site-directed 
mutagenesis kit (Stratagene, LaJolla, USA). The primer pairs 
(only the sense sequence is shown) were GTGGAACAGAG 
GCAGCAGATAATCGGAGGGCAAAAAG, SEQ ID 
NO:15, for the Arg463Gln and GCCTGCCAGGGGGAT 
GCTGGGGGCGTTTTTGCA, SEQ ID NO:16, for the 
Ser654Ala mutations. 

Expression, Renaturation, and Purification of the Recombi 
nant MASP Fragments 
0193 Expression. The expression plasmids were trans 
formed into BL21 (DE3) plysS host strain, and the transfor 
mants were selected on Luria-Bertani medium plates contain 
ing amplicillin and chloramphenicol. The expression was 
conducted according to the manufacturer's instructions (pET 
system manual, 1997). After induction with isopropyl-D- 
thiogalactoside, the cells were collected in a 1/10 volume 
Tris-EDTA buffer and frozen at -20°C. The cells were then 
thawed and incubated for 30 min at room temperature in the 
presence of 0.5% Nonidet P-40. The viscous solution was 
sonicated to shear the DNA, and the inclusion bodies were 
collected by centrifugation (12,000 g, 15 min, 4° C.). The 
Supernatant was discarded and the pellet was washed three 
times with Tris-EDTA buffer (/10 of the culture volume). 
0194 Renaturation. The inclusion bodies were solubi 
lized in 6 MGuHC1, 0.1 M Tris-HCl (pH 8.3), 100 mM DTT 
at room temperature. The Solution contained ~10 mg/ml, or, 
in some cases 5 mg/ml protein. The solubilized proteins were 
diluted 400-fold into the refolding buffers. The refolding 
buffers contained 50 mM Tris-HCl, 3 mM reduced glu 
tathione, 1 mM oxidized glutathione, 5 mM EDTA, and 0.5M 
arginine. The pH of the solution was adjusted to pH10.0 in the 
case of the MASP-2 SP fragment and to pH 9.0 otherwise. 
Before the addition of the glutation the solution was degassed 
and was cooled to 0°C. The renaturation process was con 
ducted at 6° C. overnight. The renatured protein solutions 
were then dialyzed against 50 mM Tris-HCl (pH 9.0) and 
filtrated on a 0.45 um nitrocellulose membrane. 
0.195 Purification. The renatured proteins were purified 
on a Q-Sepharose-Fast Flow column (Amersham Bio 
Sciences). The samples were loaded onto the column and the 
elution was conducted with a linear NaCl gradient from 0 to 
400 mM. Fractions were analyzed by SDS-PAGE. The 
recombinant proteins were further purified by cation 
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exchange on Mono-S columns (Amersham Biosciences). The 
pH of the fractions containing the MASP-1 CCP1-CCP2-SP 
fragment and the MASP-2 SP fragment was adjusted to pH 
5.0 and dialyzed against 50 mM AcOH (pH 5.0). The 
MASP-2 CCP-SP and MASP-2 CCP1-CCP-2-SP containing 
fractions were dialyzed against 20 mM Na-phosphate (pH 
6.3). In each case a linear gradient of 0 to 600 mM NaCl was 
applied and the fractions containing the protein of interest 
were pooled. All proteins were judged to be >90% pure by 
SDS-PAGE. Individual protein fragments were dialyzed 
against 20 mM Tris, 140 mMNaCl, pH 7.4, aliquoted, frozen 
in liquid nitrogen and kept at -20°C. The concentration of the 
recombinant proteins was determined by measuring absor 
bance at 280 nm using the calculated absorption coefficients 
18.7, 18.5, 19.1, and 14.9 (1%, 1 cm) for the MASP-2 CCP1 
CCP2-SP, CCP2-SP, SP, and MASP-1 CCP1-CCP2-SP frag 
ments, respectively. For calculation of the absorption coeffi 
cients we used the method of Gill et al. (ref.) taking disulfide 
bridges into account. The molecular masses calculated from 
the amino acid sequences were 44,017, 35.722, 28,164, and 
45,478 Da for the MASP-2 CCP1-CCP2-SP, CCP2-SP, SP, 
and MASP-1 CCP1-CCP2-SP fragments, respectively. 
0196. Essentially the same way, MASP-3 fragments could 
be produced and refolded. 

Expression, Renaturation, and Purification of the Recombi 
nant C1r Fragments 
0.197 Expression. The expression plasmids were trans 
formed into the BL21 (DE3) plysS host strain and the trans 
formants were selected on LB plates containing amplicillin 
and chloramphenicol. The expression was carried out accord 
ing to the manufacturer's instructions pET System Manual, 
Novagen Inc. (10). After induction with IPTG the cells were 
collected in 1/10 volume TE buffer and freezed at -20°C. The 
cells were then thawed and incubated for 30 min at room 
temperature in the presence of 0.5% NP-40. The viscous 
solution was sonicated to shear the DNA, and the inclusion 
bodies were collected by centrifugation (12000 g, 15 min. 4° 
C.). The supernatant was discarded and the pellet was washed 
three times with TE buffer (/10 of the culture volume). 
0198 Solubilization. The inclusion bodies were solubi 
lized in 6 MGuHC1, 0.1 M Tris-HCl pH 8.3, 100 mMDTT for 
3 h at room temperature. The solution contained approxi 
mately 10 mg/ml protein. The solubilized proteins were 
diluted to 400-fold into the refolding buffers. The refolding 
buffers contained 50 mM Tris-HC pH 8.3.3 mMGSH, 1 mM 
GSSG, 5 mM EDTA and 2 M GuHCl in the case of the 
CCP1-CCP2-SP fragment or 0.5 Marginine in the case of the 
CCP-SP and SP fragments. The renaturation process was 
carried out at 15° C. overnight. The renatured protein solu 
tions were then dialyzed against 50 mM Tris-HCl pH 7.4, 145 
mM NaCl, filtrated on a 0.45 um nitrocellulose membrane 
and concentrated. 
0199 Purification. The renatured proteins were purified 
on Q-Sepharose-Fast Flow column (Pharmacia, Uppsala, 
Sweden). The samples were dialyzed against and the column 
was equilibrated in a buffer containing 20 mM NaCl and 20 
mM Tris-HCl pH 8.3 for the CCP1-CCP2-SP and CCP2-SP 
or pH 7.4 for the SP fragments. The samples were loaded onto 
the column and the elution was carried out with a linear NaCl 
gradient from 20 mM to 400 mM, Fractions were identified 
by SDS-PAGE. The recombinant proteins were further puri 
fied by gel filtration using a Superose-12 FPLC column (Phar 
macia, Uppsala, Sweden) in 50 mM NaCl, 20 mM Tris-HCl 
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pH 8.3 for CCP1-CCP2-SP and CCP2-SP or pH 7.4 for SP. 
The concentration of the recombinant proteins was deter 
mined by absorbance at 280 rim using the absorption coeffi 
cients 15.2, 15.8, 15.4 (1%, 1 cm) for the CCP1-CCP2-SP. 
CCP2-SP, and SP fragments, respectively. For calculation of 
absorption coefficients we used the method of Gill et al. (11) 
taking disulfide bridges into account. The molecular masses 
calculated from the amino-acid sequences were 45532 Da, 
37670 Da, and 28976 Da for CCP1-CCP2-SP, CCP2-SP, and 
SP fragments, respectively. 
0200 C1s fragments could be produced essentially the 
same way. 

Purification of C2 Factor I, and Factor H 

0201 Human C2 was prepared by a recent immunoaffinity 
method (Laich and Sim, 2001). It was dialyzed against 20 
mM HEPES, 140 mM NaCl, pH 7.4, and frozen in liquid 
nitrogen. Extinction coefficient (280 nm, 1%, 1 cm) was 
estimated from its amino acid sequence to be 9.4 for the 102 
kDa protein. 
0202 Factors H and I were purified by the method of Sim 
et al. (1993). Extinction coefficients, e(280 nm, 1%, 1 cm), of 
12.4 and 14.3, and molecular weights of 150 kDa and 88 kDa 
were used for Factors H and I, respectively (Pangburn and 
Muller-Eberhard, 1983). 

Purification of C3 and C4 

0203 Human C4 was purified according to the method of 
Dodds (1993) with modifications. Briefly, fresh citrated 
plasma (15 ml) was made 1 mM Pefabloc-SC and 10 ug/ml 
soybean trypsin inhibitor type I-S (SBTI-IS) Sigma, then 
precipitated with 50 mM barium chloride for 1 h on ice. The 
Supernatant was recovered by centrifugation and made 1 mM 
Pefabloc-SC and 5 mM EDTA. The plasma was then precipi 
tated with 5% (w/v) polyethylene glycol (PEG 3350 molecu 
lar weight) Sigma for 30 min on ice, by adding 15% (w/v) 
PEG in Buffer A (20 mM Tris, 50 mM e-aminocaproic acid 
(eACA), 5 mM EDTA, 0.02% NaNs, pH 7.4), and the super 
natant recovered as before. A column of Q-Sepharose Fast 
Flow (16/10) Amersham was equilibrated in 95% Buffer A, 
5% Buffer B (20 mM Tris, 50 mM eACA, 5 mM EDTA, 
0.02% NaNs, 1 M NaCl, pH 7.4), and the Supernatant was 
applied to the column. Proteins were eluted with a linear salt 
gradient. C3 eluted from the Q-Sepharose column in the 
second peak, in the 200-250 mM NaCl range, and fractions 
containing C3, as observed by SDS-PAGE, were pooled. The 
C3 pool was diluted with half a volume of water and made 1 
mM Pefabloc-SC. A column of Mono-Q (HR 5/5) Amer 
sham was equilibrated with 90% Buffer A, 10% Buffer B, 
and the dilute C3 pool was loaded and eluted with a linear 
gradient. C3 eluted as a single peak and was judged >90% 
pure by SDS-PAGE. It was also estimated to be >95% live 
(i.e., its thiolester was intact) by the presence of autocatalytic 
cleavage fragments of C3 C-chain (Sim and Sim, 1981); and 
the lack of cleavage by Factor I in the presence of Factor H. 
0204 C4 eluted from the Q-Sepharose column in the final 
peak, and fractions containing C4, as observed by SDS 
PAGE, were pooled. The C4 pool was diluted with half a 
volume of distilled water, loaded onto a Mono-Q FPLC col 
umn and eluted in a linear salt gradient. C4 was determined to 
be >80% pure by SDS-PAGE. 
(0205 Live C3 and C4 were dialyzed against 20 mM 
HEPES, 140 mM NaCl, pH 7.4. Live C3 was used within 



US 2009/0042248 A1 

three days, C4 was frozen in liquid nitrogen in 200 ulaliquots 
and kept at -80° C. for storage. Aliquots were thawed only 
once and then used within five days of thawing to ensure the 
proteins were active. Extinction coefficients, e(280 nm, 1%, 1 
cm), of 9.7 and 8.3, and molecular weights of 185 kDa and 
205 kDa were used for C3 and C4, respectively (Tack and 
Prahl, 1976: Nagasawa and Stroud, 1977). 

Purification of C1-inh and Alpha-2-Macroglobulin 
0206 C1-inh was purified from human serum using pro 
tocols by Sim and Reboul (1981) and Pilatte et al (1989). 
Extinction coefficient, e(280 nm, 1%, 1 cm), of 3.6 and 
molecular weight of 71.1 kDa were used (Aulak et al., 1993). 
0207 Human alpha-2-macroglobulin (CM) was isolated 

first as a by-product of the method for C3 and C4 purification 
(Dodds, 1993), then further purified according to Salvesen 
and Enghild (1993). Extinction coefficient, e(280 nm, 1%, 1 
cm), of 9.0 and molecular weight of 720 kDa were used 
(Salvesen and Enghild, 1993). 
0208 Amidolysis of C3 The intact thiol ester bond in 
live C3 was cleaved using ammonium salt as the nucleophile 
to obtain dead C3 (NH), according to Soames and Sim 
(1997) with modifications. C3 was incubated with a final 
concentration of 0.2 Mammonium hydrogen carbonate for 90 
minat37°C., making sure that the final pH of the reaction was 
above 8.0. At the end of the incubation, the reaction was 
collected with a brief centrifugation (5 min, 8000 g, RT) and 
dialyzed against 20 mM HEPES, 140 mM. NaCl, pH 7.4. 
(0209 N-terminal sequencing After SDS-PAGE and blot 
ting to polyvinylidene difluoride membrane, the N-terminal 
amino acid sequences of the recombinant proteins were deter 
mined by a pulsed-liquid phase protein sequencer ABI 471 A. 

Oligopeptide Substrate Library 

0210. The specificities of the MASP-1 and MASP-2 
CCP1-CCP2-SP fragments were tested on a competing oli 
gopeptide library applying the method described before 
(Antal, 2001). 
Functional Studies with MASP Fragments 
0211 C2, C3, C3 (NH), C4 cleavage Serial dilutions of 
MASP-1 and MASP-2 fragments ranging between concen 
trations of 1 uMand 10pM were incubated at 37°C. in 20 mM 
HEPES, 140 mM. NaCl, pH 7.4 with C2, C3, C3(NH) or C4 
at typical concentrations of 0.5-1 uM. The cleavage was fol 
lowed by SDS-PAGE under reducing conditions. Desirable 
concentrations of the MASP fragments for further detailed 
kinetic analysis were chosen to be where half of the protein 
substrates were hydrolyzed during the first 20 minutes of 
incubation. The protein substrates C2, C3, C3(NH) or C4 
were then incubated with the selected concentrations of the 
MASP fragments at 37°C. in 20 mM HEPES, 140 mM NaCl, 
pH 7.4. Typically 11-13 samples were taken at varying time 
periods but always within 50 minutes from the beginning of 
the reaction. Cleavages rates were quantified by measuring 
the diminution of the cleaved chain visualized by Coomassie 
stained SDS-PAGs using a GEL DOC 1000 instrument and 
Molecular Analyst Software for densitometric calculations 
(Bio-Rad, Hercules, Calif., USA). The reactions were 
assumed to be of the Michaelis-Menten type. In the case of C3 
and C3(NH) cleavage a further reasonable assumption of 
Ka>Substrate was made. The constants K., k, and 
K/k, were estimated by unbiased non-linear regression 
methods regressing the data on the following equations: 

Feb. 12, 2009 

t(So-S+Kln(So/IS))/(k-Eol) or in the case of C3 
and C3 (NH) cleavage on S=Soexp(-tEok/K). 
0212 Reactivity toward C1-inhibitor and alpha-2-macro 
globulin Inhibition of the enzymatic activities of the MASP 
fragments by C1-inhibitor and alpha-2-macroglobulin were 
tested as follows. MASP-1 and MASP-2 fragments at con 
centrations selected in the C2, C3, C3 (NH) and C4 cleavage 
tests were incubated at 37° C. with excess molar ratios of 
either C1-inhibitor, alpha-2-macroglobulin, or buffer in 20 
mM HEPES, 140 mM NaCl, pH 7.4 for 40 minutes. Comple 
ment substrates C2, C3, C3(NH) or C4 were added at typical 
concentrations of 0.5-1 LM and the samples were further 
incubated for 20 minutes. The cleaved and uncleaved chains 
were visualized by reducing SDS-PAGE and the degree of 
inhibition was compared. 
0213 To assess the role of both C1-inhibitor and alpha-2- 
macroglobulin in the regulation of MASP-1 and MASP-2 the 
following experiment was devised. Each of the 'I-labeled 
MASP fragments was incubated with either C1-inhibitor or 
alpha-2-macroglobulin or both at physiological relative con 
centrations (MASP-1: C1-inh: CM=1:30:60; MASP 
2: C1-inh: CM=1:90:180) at concentrations MASP-1 
CCP1-CCP2-SP=9 nM, MASP-2 fragments=3, nM at 37° 
C. in 20 mM HEPES, 140 mM. NaCl, pH 7.4 for 90 minutes. 
The samples were further incubated at 37°C. for 30 minutes, 
run on reducing SDS-PAGE and visualized by means of auto 
radiography. The following serum concentrations were used 
when calculating the relative concentrations: MASP-1=65 
nM (Terai et al., 1997), MASP-2=22 nM (Hajela, 2002), 
C1-inh=2 uM (Terai et al., 1997) and alpha-M-4 uM. 
0214) To assess the rate of SDS stable complex formation 
between the MASP-1 and MASP-2 CCP1-CCP2-SP frag 
ments and C1-inhibitor, the 'I-labelled MASP fragments at 
concentrations ranging between 30-100 nM were incubated 
with 100-350 nM C1-inhibitor at 37° C. in 20 mM HEPES, 
140 mM. NaCl, pH 7.4 for 40 minutes. Typically 11-13 
samples were taken at varying time periods. The reactions 
were stopped by reducing sample buffer containing 0.125 M 
Tris, 4.8% SDS, 8 Murea 20% glycerol, 720 mM mercapto 
ethanol, 0.02% bromophenol blue, pH6.8. The samples were 
further incubated at 37°C. for 30 minutes and run on reducing 
SDS-PAGE. Cleavages rates were visualized by means of 
autoradiography and the diminution of the reacted MASP 
chain was quantified using a GEL DOC 1000 instrument and 
Molecular Analyst Software for densitometric calculations 
(Bio-Rad, Hercules, Calif., USA). The kinetic constants were 
calculated assuming irreversible inhibition proceeded by 
reversible enzyme-inhibitor complex formation. Using 
steady-state approximation and neglecting the starting 
enzyme concentration compared to the starting inhibitor con 
centration (IoD2E) the data was regressed on the follow 
ing equation using non-linear regression methods: E=Eo 
exp(-kt); k-k-Io/(K+Iol), where k is the observed 
pseudo-first order rate of reaction, k is the rate of irreversible 
enzyme-inhibitor complex formation and K is the inhibitory 
COnStant. 

Radio Iodination and Autoradiography of MASP-Fragments 

0215 Radioiodination. The MASP-1 CCP1-CCP2-SP, 
MASP-2 CCP1-CCP2-SP, CCP2-SP and SP fragments were 
labeled with "I using iodogen (1,3,4,6-tetrachloro-3C,6C.- 
diphenylglycoluril) Sigma as the oxidising agent (Raker 
and Speck, 1978). Eppendorf tubes (1.5 ml) were coated with 
200 ul iodogen and excess iodogen was washed off with 0.5 
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ml 20 mM HEPES, 140 mM NaCl, 5 mM CaCl pH 7.4 
(HBS). Protein samples were transferred to the iodogen 
coated tube and incubated with 10 ul Na-' (1 mCi) Amer 
sham International, Aylesbury, UK for 10-20 min on ice. 
Free 125-iodide was removed by desalting on a PD-10 Sepha 
dex G-25 gel filtration column Amersham which was pre 
saturated with 0.1% (v/v) Emulphogene BC720 Sigma in 
HBS. Radiolabelled protein fractions were pooled and stored 
at 4° C. Specific activity of a protein was determined by 
measuring on a Mini-Assay type 6-20 manually counter Mini 
Instruments, Burnham-on-Crouch, Essex, UK. 
0216 Autoradiography-Dried SDS-PAGE gels of 'I- 
labelled samples were exposed to X-ray film Fuji RX, Fuji 
Photo Film UK Ltd, London at -70° C. in autoradiography 
cassettes with intensifying screens. Films were developed 
using an X-Ograph imaging system Compact X4X-Ograph 
imaging system, Malmesbury, UK. 
Enzymatic Assays with the C1r Fragments 
0217 Esterolytic activity. The rates of hydrolysis were 
measured on the Z-Lys-S-Bzl, and Z-Gly-Arg-S-BZl 
thioesters. The release rate of HS-Bzl was measured through 
its reaction with 4,4'-dithiodipyridine (12), and was followed 
with a Jasco V-550 spectrophotometerata wavelength of 324 
nm. Assays were carried out following the method of McRae 
et al. (13) at 30° C. in 20 mM Tris buffer at pH 7.5 containing 
145 mMNaCl. k/K values were directly determined from 
the catalytic rate at low substrate concentrations (10-30 uM). 
0218 C1s cleavage Proenzyme C1s was expressed in 
baculovirus expression system using High Five insect cell 
culture. Functionally pure (80%) C1s proenzyme was 
obtained by purifying the cell culture supernatant on a DEAE 
Sepharose FF column (Amersham Pharmacia Biotech) as 
described in (14). Cls preserved its proenzyme state during 
the purification and storage. Proenzyme C1s cleavage ability 
of the C1r fragments were tested by means of the esterolytic 
activity of the generated active C1s molecules on the Z-Lys 
S-BZl thioester substrate. An enzyme/C1s molar ratio of 1:50 
was used for most of the experiments. 10-15 ml C1s proen 
Zyme solution with a protein concentration of -0.1 uM in 20 
mM Tris, 145 mM NaCl buffer pH 7.4 was thermostated at 
30° C. The C1r SP, CCP2-SP and CCP1-CCP2-SP fragments 
were added to it at a final concentration of 1-3x10 M. At 1 
min intervals 1 ml of the mixture was withdrawn and the 
esterolytic activity was measured by the addition of the 
Z-Lys-S-BZl substrate at a final concentration of 100LM. The 
maximal specific activity value of totally activated C1s of 182 
s' at 100 uMZ-Lys-S-Bzl concentration was used for the 
calculation of the actual concentration of Cls.k./K values 
were calculated by linear fitting for the first 5-8 points where 
the amount of the cleaved, active C1s was less than 10% of the 
total proenzyme concentration. 
0219 C1r autoactivation experiments. The S654A 
mutant proenzyme SP, CCP2-SP, and CCP1-CCP2-SP frag 
ments were used as Substrates to investigate the autoactiva 
tion ability of the wild-type active C1r fragments. Measure 
ments were carried out in 20 mM Tris, 145 mM NaCl buffer 
at pH 8.3. Reaction was started by the addition of the active 
enzyme to the S654A mutant proenzyme solution thermo 
stated at 37°C. An enzyme:Zymogen ratio of 1:10-1:50 was 
used. 10 ul aliquots were removed at 10-15 time points in the 
range of 0.5 min-1 hand added to 10ul 5% SDS sample buffer 
(15) containing 5% mercaptoethanol and were immediately 
incubated for 3 min at 100°C. The cleavage at the activation 
site of the proenzyme molecules was followed by reducing 
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SDS-PAGE. The acrylamide gels were stained with Coo 
massie brilliant blue. The concentration of the uncleaved 
proenzyme vs. time was calculated from the density of its 
bands recorded by a BioRad GelDoc2000 imaging system. 
After curve fitting and derivation in Origin 5.0 data analysing 
Software (MicroCal Inc.) the cleavage rate vs. proenzyme 
concentration was calculated and proved to be linear in the 
concentration range used, therefore ki/K values could be 
obtained from the slope of the curve. 

Differential Scanning Calorimetry (DSC) 
0220 Calorimetric measurements were performed on a 
VP-DSC (Microcal Inc, Northampton, Mass.) differential 
scanning calorimeter. Denaturation curves were recorded 
between 10 and 80° C. at a pressure of 2.5 atm, using a 
scanning rate of 1° C./min. The protein concentration was set 
to 0.1 mg/ml. Samples were dialyzed against 20 mM Tris pH 
8.3 145 mM NaCl, and the dialysis buffer was used as a 
reference. Heat capacities were calculated as outlined by 
Privalov (16). 

Zymography 

0221 Protocols for gelatine Zymography are described 
e.g. in (Kleiner at al. 1994) and in (Liota, 1990) which are 
incorporated herein by reference. 
2. Results Obtained with the MASP Fragments 

Expression, Purification and Characterization of the Recom 
binant MASP Fragments 

0222. The catalytic region of MASP-1 and MASP-2, con 
sisting of the two complement control protein modules and 
the serine protease domain (CCP1-CCP2-SP) (FIG. 3.) was 
expressed in E. coli BL-21 cells using the pET-17b expression 
vector. In the case of MASP-2, truncated fragments of the 
catalytic region (the serine protease domain with one CCP 
module and the serine protease domain alone) (FIG. 3) were 
also expressed in the same expression system. Since the 
recombinant proteins accumulated as inclusion bodies inside 
the bacterial cells, renaturation procedures were needed to 
restore the native, folded structure (see Materials and Meth 
ods). The renatured recombinant proteins were purified by 
ion exchange chromatography on Q-Sepharose Fast Flow and 
Mono-S columns. The renaturation and the purification pro 
cedures were followed by SDS-PAGE and the purified pro 
teins were Subjected to N-terminal sequencing. Before rena 
turation the inclusion body proteins yielded single bands on 
the reducing SDS-PAGE corresponding to the Zymogen form 
of the enzymes. After renaturation the MASP-1 CCP1-CCP2 
SP fragment was fully activated and yielded two major bands 
under reducing conditions, which corresponded to the two 
chain-structure obtained by the cleavage of the activation site 
Arg-Ile bond, as determined by sequencing. The 
MASP-1 CCP1-CCP2-SP fragment co-purified with a minor 
contaminant, which migrated on SDS-PAGE as a band of 24 
kDa under reducing and at 39 kDa under non-reducing con 
ditions. N-terminal sequencing revealed that this fragment is 
a degraded form of the MASP-1 catalytic region lacking a 6 
kDa fragment from its serine protease domain. The cleavage 
occurred at the Arg-Asp bond removing the histidine 
from the catalytic triad and thus causing the loss of its enzy 
matic activity. The MASP-2 fragments migrated as single 
chain structures under reducing conditions throughout the 
renaturation procedure, however, they became activated dur 
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ing the purification process. Sequencing analysis confirmed 
the activation of the MASP-2 fragments to occur through the 
cleavage of the Arg-Ile" bond and further modifications 
were observed in the case of the MASP-2 CCP1-CCP2-SP 
fragment, which displayed Ile' at its N-terminus. This indi 
cated that the bond between Lys'-Ile' was cleaved and a 
heptapeptide (Ala-Ser-Met-Thr-Gly-Trp-Lys, SEQ ID 
NO:17) was completely removed. This cleavage, however, 
does not compromise the integrity of the MASP-2 
CCP1CCP2-SP construct, since for technical reasons the 
original N-terminus contained three extra amino acids (Ala 
Ser-Met of the T7-Tag) and the CUB2-CCP1 junction is at 
His’-Tyr’. The yield of proteins produced in the form of 
inclusion bodies in the cell culture was judged to be between 
10-40 mg/l prior to renaturation. The overall yield pertaining 
to the amount of purified proteins recovered from one liter of 
cell culture ranged between 0.1-0.5 mg/l. A shift in pH to 
below pH 8.5 (8.3) resulted in at least a 3 times decrease in 
yield, in some cases (e.g. MASP-2 SP fragment) more or no 
yield at all. 

Mutant Constructs 

0223) The expression and purification system of the inven 
tion proved to be very useful to prepare mutant MASP-frag 
ments. Up to the present four constructs encoding mutant 
CCP1-CCP2-SP fragments are prepared. In the MASP-1 and 
MASP-2 CCP1-CCP2-SP fragments the activation site 
Arg-Ile and Arg-Ile bonds were mutated to 
Gln-Ile' (R448Q) and Gln-Ile (R444Q) respec 
tively. The latter mutant fragment was expressed and purified 
to homogeneity using the method as described above. About 
1 mg of protein was obtained, which was not autoactivated but 
could be activated by lysosyme. 
0224. In the other two mutant constructs the codons of the 
active site serines were changed to codons of alanine: 
MASP-1 S(646)A and MASP-2 S(633)A mutants. 

Proteolytic Activity of MASP-1 on Complement Compo 
nents 

0225. The proteolytic activity of the MASP-1 catalytic 
fragment (CCP1-CCP2-SP) was investigated on protein sub 
strates that are involved in the formation of the C3 and CS 
convertase enzyme complexes of the classical and lectin path 
ways (i.e. on C2, C4, and C3). To resolve the controversy 
about the C3 cleaving ability of MASP-1 both live and 
dead C3 was used in the assays. Live C3 (i.e. C3 with an 
intact thiolester bond) was isolated from fresh human serum 
and used within three days in the measurements. It was rig 
orously tested before the proteolytic measurements by co 
treating it with Factor I and Factor H and was found >95% 
live'. To test the proteolytic activity of MASP-1 on ‘dead C3 
(i.e. on C3 with a cleaved thiol ester bond), a batch of the C3 
preparation was inactivated using ammonia as the Small 
nucleophile leading to C3(NH) formation. The characteris 
tick/K values show that the MASP-1 CCP1-CCP2-SP 
fragment cleaves dead C3 with a low but significant effi 
ciency, whereas its proteolytic action on live C3 is about 20 
fold less (Table 1, FIG. 5.B). Nevertheless, it is important to 
note that in control experiments using the C1r CCP1-CCP2 
SP fragment expressed in the same expression system as the 
MASP fragments (Kardos et al. 2001) we observed no cleav 
ages of either live or dead C3. Our experiments demon 
strated that complement component C4, similarly to live C3, 
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is basically resistant against the proteolytic activity of 
MASP-1 (Table 2, FIG. 5.C). C2, however, was digested by 
our MASP-1 fragment at a moderate rate (Table 2, FIG. 5.A). 
All cleavages could be inhibited by preincubating MASP-1 
CCP1-CCP2-SP with a molar excess (1-3 fold) of either 
C1-inhibitor or alpha-2-macroglobulin (FIG. 6). 

Proteolytic Activity of MASP-2 on Complement Compo 
nents 

0226. The proteolytic activity of the MASP-2 CCP1 
CCP2-SP fragment on C3 was very similar to that of the 
MASP-1 fragment. While MASP-2 CCP1-CCP2-SP had 
only a hardly detectable marginal activity on live C3, it 
exhibited a low but significant enzymatic activity on dead 
C3 (Table 1, FIG. 5.B). In contrast to the MASP-1 fragment 
the CCP1-CCP2-SP, CCP2-SP and SP fragments of MASP-2 
cleaved C2 and C4 very efficiently (Table 2, FIG.5.A, C). The 
comparison of the three MASP-2 fragments shows that the 
serine protease domain of MASP-2 on its own can cleave C2 
with high efficiency. The addition of the CCP modules to the 
SP domain somewhat decreases the proteolytic power in C2 
cleavage. When C4 is used as a substrate, the MASP-2 frag 
ments show a different picture. Although the serine protease 
domain on its own is capable of cleaving C4, the presence of 
the CCP2 domain significantly increases the efficiency of the 
catalysis (a 44-fold increase in thek/K value). The CCP1 
CCP2-SP fragment of MASP-2 is also very efficient in cleav 
ing C4, although its proteolytic power is less than that of the 
CCP2-SP fragment. All cleavages could be abolished by pre 
incubating the MASP-2 fragments with a molar excess (1-3 
fold) of C1-inhibitor (FIG. 5) or with a large molar excess (40 
fold) of alpha-2-macroglobulin (FIG. 6). 

Proteolytic Activities of the Catalytic Fragments of MASP-1 
and MASP-2 on Oligopeptide Substrates 

0227. To further investigate the range of substrate speci 
ficity and relative specific activities of MASP-1 and MASP-2 
we applied a competing oligopeptide Substrate library. 
(Antal, 2001). This library contains a mixture of seven oli 
gopeptides (each 13 amino acids in length) with different 
cleavage sites (P1) for both trypsin and chymotrypsin-like 
enzymes (His-Ala-Ala-Pro-XXX-Ser-Ala-Asp-Ile-Gln-Ile 
Asp-Ile, SEQID NO:18, where XXX could be Lys, Arg, Tyr, 
Leu, Phe, Trp or Pro). The individual peptide substrates com 
pete for the protease under investigation, in our cases for 
either the MASP-1 CCP1-CCP2-SP or the MASP-2 CCP1 
CCP2-SP fragment. The results show that both enzymes 
cleave oligopeptides that contain either Arg or Lys at their P1 
positions. The MASP-1 catalytic fragment (CCP1-CCP2-SP) 
exerted a Substantially larger activity on the Argoligopeptide 
substrate than the MASP-2 fragment (FIG. 7). Comparing the 
relative specific activities of the two fragments on the P1 Arg 
oligopeptide under the same conditions, at 15 min MASP-1 
showed almost 90% digestion, whereas MASP-2 cleaved less 
than 20% of the substrate. This result substantiates that 
MASP-1 is a potent protease with significant catalytic 
strength. Another essential outcome of the competing oli 
gopeptide substrate library experiments is that MASP-1 pos 
sesses extreme Arg selectivity at the P1 site of its substrate. 
This behavior strongly resembles that of thrombin, which 
exhibited similar Arg selectivity in the same competing oli 
gopeptide library system (Antal, 2001). MASP-2 also pre 
ferred the Arg substrate to the Lys one, but the degree of 
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preference was much less than that of MASP-1. A very simi 
lar specificity profile was obtained for trypsin in this oli 
gopeptide library system. 
0228 Zymography provided an additional evidence that 
the substrate specificity of MASP-1 is significantly broader 
than that of MASP-2. 
The Reaction of the MASP-1 and MASP-2 Fragments with 
C1-Inhibitor and Alpha-2-Macroglobulin 
0229. As mentioned in the previous chapters, C1-inhibitor 
completely abolished the proteolytic activity of both 
MASP-1 and MASP-2 on all substrates. A marginal molar 
excess of C1-inhibitor over the enzyme concentration proved 
to be sufficient for full inhibition. Another inhibitor, alpha-2- 
macroglobulin (alpha-M), also inhibited the reactions, but 
exhibited lower efficiency toward MASP-2. The inefficient 
C3 cleavages could all be blocked by a small 1-3 fold molar 
excess over MASP-1 CCP1-CCP2-SP or MASP-2 CCP1 
CCP2-SP, whereas only a 40-fold molar excess over the 
MASP-2 fragments was capable of significantly hindering C2 
and C4 cleavage. The moderate cleavage of C2 by the 
MASP-1 CCP1-CCP2-SP fragment could be completely 
blocked by a small 1-3 fold molar excess of alpha-2-macro 
globulin. To confirm the inhibition of the MASPs by C.2M and 
to judge the relative rates of inhibition by a2M and C1-inhibi 
tor the MASP fragments were labeled with 'I. The radiola 
beled MASPs were then mixed with C1-inhibitor, O.2M or 
both, in serum-like relative concentrations and the enzyme 
inhibitor complexes were analyzed by SDS-PAGE followed 
by autoradiography (FIG. 6). Both C1-inhibitor and C2M 
formed SDS-PAGE stable complexes with all MASP frag 
ments. In the case of the MASP-2 fragments C1-inhibitor 
proved to be the primary inhibitor, as it reacted faster with the 
MASP-2 fragments than the C.2M, whereas in the case of 
MASP-1 alpha-M is the more probable physiological inhibi 
tor. The observed pseudo first order rates of reaction (k) 
with C1-inhibitor were 5-fold less for the MASP-1 CCP1 
CCP2-SP than for the MASP-2 CCP1-CCP2-SP fragment. 
The K values for the C1-inhibitor and MASP-2CCP1-CCP2 
SP reaction were in the nanomolar range (Table 3). 
3. Results Obtained with the C1r Fragments 

Expression and Renaturation of Recombinant Proteins 
0230. Three cDNA fragments from the catalytic region of 
C1r (FIG.9) have been cloned into a modified pET-17b vector 
in fusion with the (Met)-Ser-Thr-Gln-Ala sequence. Each 
insert begins with a Cys (Cys', Cys'7, Cys' in the case of 
CCP1-CCP2-SP (YB), CCP2-SP and SP, respectively) at the 
N-terminus and ends with Asp" at the C-terminus. The 
mature proteins have an N-terminal sequence Ser-Thr-Gln 
Ala-(CyS) . . . as Verified by protein sequencing. In order to 
prevent autoactivation, stabilized mutant constructs were also 
expressed. In one series we introduced the Arg463Gln muta 
tion into the cDNAs, while in another series we changed the 
active site Ser654 to Ala for all the three fragments. The 
expression plasmids were transformed into the E. coli BL21 
(DE3) plysS strain and the recombinant protein expression 
was induced by adding IPTG. After induction the cells were 
lysed and the soluble and insoluble fractions were separated 
by centrifugation and analyzed on SDS-PAGE (data not 
shown). In the soluble fraction we could not detect recombi 
nant proteins using Coomasie blue staining, whereas the pel 
let contained almost exclusively the recombinant C1r frag 
ments (purity approx. 80%). Since the recombinant proteins 
were present as inclusion bodies, renaturation procedures 
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were needed to generate the native, folded structure. The 
inclusion bodies were solubilized in 6 M guanidine-HCl solu 
tion, which contained 100 mMDTT to reduce all the disulfide 
bridges. The solubilized recombinant proteins (~10 mg/ml) 
were then diluted 400-fold (final concentration ~25 ug/ml) 
using different refolding buffers and incubated at 15° C. 
overnight. Many different refolding Solutions containing 
various additives and different oxido shuffling reagents were 
tested for the three fragments and the best ones were selected 
for large scale renaturation (17, 18). We found the highest 
renaturation yield using 2 M guanidine-HCl in the case of 
CCP1-CCP2-SP fragment and 0.5 ML-arginine in the case of 
CCP2-SP and SP fragments. The optimal oxido shuffling 
system was the mixture of reduced and oxidized glutathione 
in a ratio of 3 mM GSH/1 mM GSSG at pH 8.3 in all experi 
ments. The efficiency of the folding process could be esti 
mated by reducing SDS-PAGE, since native, functionally 
active C1r can cleave itself into two chains (Y 18 kDa and B 30 
kDa chains in the case of the CCP1-CCP2-SP fragment). 
Since the denatured recombinant proteins have single-chain 
structure in the inclusion bodies, the appearance of two chains 
on the reducing gel is a good indicator of autoactivation and 
hence of Successful renaturation of the wild type fragments 
(FIG. 10A). Edman degradation of the large (30 kDa) chains 
yielded the Ile-Ile-Gly-Gly-Gln sequence in all cases, indi 
cating that the correct autolytic cleavage at the Arg-Ile' 
bond between the Y and B chains had occurred during the 
activation process. The efficiency of the renaturation was 
about 10-20%, allowing us to obtain enough material for all 
Subsequent physico-chemical and functional studies. After 
the renaturation process the aggregated material was removed 
by filtration on a 0.45 um nitrocellulose membrane, and the 
refolded recombinant proteins were purified by anionex 
change and gel-filtration chromatography as described in the 
Experimental Procedures. On the Q-Sepharose Fast Flow 
column most of the contaminants did not bind to the resin at 
low ionic strength (20 mM NaCl and 20 mM Tris-HCl) and 
could be removed by washing the column with the low salt 
buffer. The correctly folded, native recombinant fragments 
eluted as single peaks detected at 280 nm during the ascend 
ing salt gradient. There was no difference between the elution 
volume of the wild-type (activated) and the R463Q or S654A 
mutant (Zymogen) fragments. The recombinant fragments 
were essentially pure after the ion-exchange chromatography, 
however to remove the traces contaminants we performed a 
gel filtration chromatography on a Superose-12 FPLC col 
umn. After this step the protein solutions were concentrated 
and the concentrations of the recombinant proteins were mea 
sured from the absorbance at 280 nm. The final yields for the 
CCP1-CCP2-SP, CCP2-SP and SP fragments were 2, 5, and 2 
mg/l of culture, respectively. Both the wild-type and the 
Zymogen mutant fragments yielded a single band on non 
reducing SDS-PAGE analysis, although with different appar 
ent molecular weights (~45 kDa and ~39 kDa for wild-type 
CCP1-CCP2-SP and Zymogen CCP1-CCP2-SP respectively, 
-38 kDa and ~34 kDa for wild-type and Zymogen CCP2-SP. 
and -31 kDa and ~27 kDa for the wild-type and Zymogen SP 
fragment). On the reducing gel however the wild-type frag 
ments exhibited the activated two-chain forms (-30 kDa for 
the B chain and ~18 kDa for the Y chain), whereas the 
Zymogen mutants retained a single-chain structure. In order 
to prove the correct folding of the Zymogen mutants, the 
renatured proteins were converted into the two-chain form. 
The Arg463Gln mutants could be specifically cleaved at the 
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Gln-Ile" and activated by thermolysin (FIG. 10B). After 
thermolysin treatmentall the three R463Q fragments showed 
proteolytic and esterolytic activity similar to that of the wild 
type autoactivated proteases (Table 5). The Ser654Ala 
mutants cannot autoactivate themselves, but wild-type C1r 
fragments could cleave them at Arg-Ile' activation site, 
as Verified by protein sequencing. 

Physico-Chemical Characterization 
0231 Gel permeation chromatography—relative molecu 
lar weight—In order to determine the relative molecular 
weight and investigate the dimerization properties of the 
expressed and renaturated C1r fragments, the relative 
molecular weights of the three C1r fragments vs. pH were 
analyzed by gel permeation chromatography. The molecular 
weights of the three C1r fragments were determined relative 
to the standards at every pH. (FIG. 11). 
0232. The SP and the CCP2-SP fragments showed 
molecular weights of 28-30 kDa and 36-38 kDa, respectively. 
These values were independent of pH and were in accord with 
the molecular weights determined from SDS-PAGE analysis. 
The relative molecular weight of the CCP1-CCP2-SP frag 
ment was found to be approximately 90 kDa at neutral or 
alkaline pH. Below pH 6.0 it showed a sigmoidal shaped 
decrease to 44-47 kDa, which is the molecular weight of the 
monomer CCP1-CCP2-SP, and is in accord with the SDS 
PAGE. 
0233. Differential Scanning Calorimetry DSC measure 
ments were performed on one hand to check the native struc 
ture of the fragments and on the other hand to investigate the 
role of the individual domains in the conformational stability 
of the catalytic region of C1r. 
0234. The SP fragment showed a sharp, cooperative melt 
ing transition at a relatively low temperature (47.5°C.), indi 
cating a compact, stable structure of the molecule (FIG. 12). 
0235 Fragment CCP2-SP showed a cooperative unfold 
ing curve with a melting point at 55.4°C. The larger calori 
metric enthalpy change and the significantly higher melting 
temperature compared to that of SP indicate that the CCP2 
module establishes tight interactions with the SP domain and 
significantly improves its stability. 
0236. The CCP1-CCP2-SPfragment showed an unfolding 
transition at 57.5°C., which is in good agreement with that of 
the equivalent CCP1-CCP2-SP produced in baculovirus 
expression system (58.3° C.) (19). These data prove that 
renatured CCP1-CCP2-SP is in a native form and that its 
conformational stability is similar to that of a CCP1-CCP2 
SP with a somewhat larger N-terminal and with carbohydrate 
side-chains. The stability of CCP1-CCP2-SP is somewhat 
higher than that of CCP2-SP. The presence of the CCP1 
module and the dimerization of the CCP1-CCP2-SP fragment 
exert less effect on the stability of the protein as compared to 
the significant stabilizing effect of the CCP2 module in the 
interaction with SP domain in the CCP2-SP construct. 

Functional Characterization of the Recombinant Proteins 

0237 Esterolytic activity on synthetic substrates—The 
values of the catalytic efficiency (k/K) for the reaction of 
the C1r fragments with the Z-Lys-S-Bzl, and Z-Gly-Arg-S- 
Bzl thioesters are presented in Table 5. Z-Lys-S-BZl is not a 
“good substrate for C1r, but its spontaneous hydrolysis rate 
is very low, therefore measurements of low catalytic activity 
was possible. Z-Gly-Arg-S-BZl, a more sensitive thioester 
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substrate of C1r was hydrolyzed at high rate by the fragments. 
The three C1r fragments showed similar esterolytic activities 
on the thioester Substrates indicating similar active site con 
formations in the SP, CCP2-SP and CCP1-CCP2-SP frag 
ments. The CCP2-SP fragment, however proved to be slightly 
more potent as compared to the others. The observedk/K 
values on the Z-Gly-Arg-S-BZl substrate are four times 
higher than those described previously for the entire C1r 
molecule isolated from human serum (13), 
0238. The catalytic efficiency of C1s cleavage by the 
recombinant C1r fragments—The ability of the C1r frag 
ments to cleave proenzyme C1s was tested through the estero 
lytic activity of the activated C1s molecules on the Z-Lys-S- 
Bzl thioester substrate. Although C1r also cleaves this 
substrate (see Table 5), its catalytic efficiency is about two 
orders of magnitude less than that of Cls. An enzyme-Sub 
strate ratio of 1:50 assures that the activity of C1r on the 
Z-Lys-S-BZl was negligible compared to that of C1s. The 
proenzyme C1s concentration (0.04-0.1 uM) was orders of 
magnitude below the K value and this allowed direct calcu 
lation of the ki/K values from the linear part of the C1s 
activation curve. Kinetic analysis of the activation of C1s by 
CCP1-CCP2-SP is shown on FIG. 13. The slope of the line is 
proportional to the catalytic efficiency. The results with the 
three C1r fragments are summarized in Table 6. All the three 
fragments efficiently cleaved proenzyme C1s. The CCP2-SP 
fragments exhibited an exceptionally high ki/K value. 
0239 Cleavage of the S654A mutant fragments with the 
wild-type enzymes—Proenzyme S654A mutant fragments 
were used as Substrates in investigating autoactivation prop 
erties of the wild-type fragments. The active enzyme cleaves 
and activates proenzyme S654A mutant that has no catalytic 
activity even in the two-chain form. Thus, the autoactivation 
can be studied in a simple enzyme-substrate system. The 
activity of wild-type SP, CCP2-SP, and CCP1-CCP2-SP on 
the S654A mutants of the SP, CCP2-SP, and CCP1-CCP2-SP 
fragments were measured in each combination. Cleavage of 
the S654A mutants was followed by reducing SDS-PAGE. 
Catalytic efficiency values are presented in Table 7. In all 
enzyme-Substrate pairs a high catalytic efficiency, compa 
rable to the activities on synthetic ester substrates could be 
detected. SP fragment activated the three S654A mutants at a 
similar rate. The highest k/K values were obtained for the 
self-activation of the CCP2-SP fragment (i.e. its activity on 
the S654A mutant CCP2-SP) (FIG. 14). 
4. Discussion of Results with the MASP-Fragments 
0240 Aprincipal, but so far debated question is the auto 
activation capacity of MASP-1 and MASP-2. Since prior to 
renaturation the MASP protein fragments were single-chain 
polypeptides, the autoactivation process, which involves the 
cleavage of an Arg-Ile bond in the serine protease domain, 
could be followed on reducing SDS-PAGE. Upon renatur 
ation the MASP-1 CCP1-CCP2-SP fragment became fully 
activated, and gave two bands (corresponding to the 'y'- and 
“B'-chains) on the PAG. In addition to the two major bands, 
we observed a minor band of 24 kDa, which co-purified with 
the MASP-1 CCP1-CCP2-SP fragment. This band is most 
probably an autolytic cleavage product of the serine protease 
domain. The autolytic cleavage at the Arg'-Asp'' bond 
removes the active site His, which results in the destruction of 
the protease activity. We can conclude that MASP-1 has a 
strong propensity to autoactivate and the activated enzyme is 
prone to autodegradation upon prolonged incubation. The 
physiological relevance of this autolysis is yet unknown, but 
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it is noteworthy to mention that we observed the correspond 
ing autolytic product of the full-length MASP-1 protein, in 
partially purified serum MBL-MASPs complexes (data not 
shown). 
0241. In terms of autoactivation capacity the MASP-2 
catalytic fragments revealed somewhat different features. 
Throughout the renaturation procedure the MASP-2 frag 
ments retained their proenzyme form. Post purification, how 
ever, they migrated as two separate bands on reducing SDS 
PAGE, a characteristic of activated enzyme. Subsequent 
N-terminal sequencing confirmed that the cleavage occurred 
at the Arg-Ile activation bond. Therefore, it is very 
likely that MASP-2 also has the capacity to autoactivate, but 
the reaction is slow at low concentrations. Typically, to pre 
vent aggregation the protein concentration is kept very low 
during renaturation (1-2 ug/ml). During purification, how 
ever, the protein concentration increases dramatically on the 
ion exchange columns (the peak fractions could be as con 
centrated as 1-2 mg/ml), which can facilitate the autoactiva 
tion process and increase the overall rate of active enzyme 
formation. We are tempted to believe that the autoactivation 
reaction of MASP-1 and MASP-2 is similar to that of C1r: In 
the first step Zymogen molecules activate Zymogens, while in 
the second step the generated active enzymes cleave Zymogen 
molecules. In a concentrated solution the probability of the 
reactive encounters between MASP-2 molecules (either 
Zymogenic or activated) is greater than in a diluted solution. It 
was shown by Vamp-Jensen et al. that the MBL-MASP-2 
complex alone is sufficient for complement activation. 
Although, we do not know the Stoichiometric composition of 
this complex, but it is very likely that at least two MASP-2 
molecules associate with the MBL molecule (Chen, 2001). 
This view is further strengthened by the fact that both 
MASP-1 and MASP-2 form homodimers through their N-ter 
minal CUB1-EGF-CUB2 region (Thielens, 2001). Our 
observations reveal that the smaller MASP-2 fragments 
(CCP2-SP and SP) can also autoactivate, indicating that the 
autoactivating ability is an inherent property of the serine 
protease domain. In contrast to previous Suggestion (Rossi, 
2001) it seems that the CCP modules of MASP-2 do not play 
an essential role in this process. The MASP-2 CCP1-CCP2 
SP fragment also showed a sign of autodegradation, since its 
N-terminal begins with Ile' instead of the expected Ala. It 
looks very likely that the short stretch of CUB2 domainfused 
with the Ala-Ser-Met tripeptide at the N-terminus (Ala-Ser 
Met-Thr-Gly-Trp-Lys') folded loosely and the Lys'- 
Ile' bond in this region was an easy target for a protease with 
trypsin-like specificity (i.e. MASP-2). 
0242 Probably the most controversial issue concerning 
the substrate specificities of MASP-1 and MASP-2 is their 
ability to cleave C3. We aimed at resolving this debate by 
using our catalytic fragments and carefully prepared C3 Sub 
strates. C3 contains a thiol ester group inside the molecule 
that becomes exposed after the cleavage of C3 by the C3 
convertase enzymes. The exposed thiol ester group is then 
rapidly hydrolyzed or reacted with a nucleophile on the cell 
surface. Nevertheless, uncleaved C3 is also prone to sponta 
neous hydrolysis yielding non-functional C3(H0), which 
may occur during the purification process and upon pro 
longed storage. It is important to differentiate between live 
C3 (i.e. C3 with an intact thiolester bond) and ‘dead C3 (C3 
with a reacted thiol ester bond), as they respond differently to 
proteolysis although they migrate similarly on SDS-PAGE. 
We measured the kinetic parameters of C3 cleavage by using 
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both freshly prepared live C3 and ‘dead C3. Our results 
demonstrate that the ki/K values of both MASP-1 and 
MASP-2 on live C3 substrate were very low (-300M's'). 
We believe that this marginal activity is not sufficient for 
direct complement cascade activation in the presence of Such 
potent inhibitors in serum as C1-inhibitor or alpha-2-macro 
globulin. Dead C3 was cleaved with a low but significant 
efficiency: the ki/K values were about 10-20 fold higher 
than in the case of live C3 cleavage. It is possible therefore 
that the C3 cleaving activities of the MASPs, reported earlier 
in the literature, were mostly due to the high ratio of dead C3 
in C3 preparations. Still, it can not be excluded that the 
marginal activities of MASP-1 and MASP-2 on live C3 may 
have physiological consequences (e.g. initiating the alterna 
tive pathway). Nevertheless, we strongly believe that C3 is 
not the real natural Substrate of either MASP-1 or MASP-2. 

0243 C4, similarly to live C3, was basically resistant 
against the proteolytic activity of MASP-1. C2, however, was 
digested by the recombinant MASP-1 fragmentata moderate 
rate. The ki/K value for the C2 cleavage was two orders of 
magnitude higher, than that of the C4 cleavage. The C2 cleav 
age alone, however, is not sufficient to initiate the comple 
ment cascade, since physiologically relevant C2 cleavage 
occurs on the C2C4b complex. It should also be stressed that 
this moderate ki/K value is Smaller by an order of magni 
tude than the corresponding values of MASP-2 or C1s. 
0244. The recombinant MASP-2 fragments cleaved C2 
and C4 efficiently. This and the autoactivating capacity of 
MASP-2 is in accordance with the observation that MBL 
MASP-2 complex can activate the complement cascade. 
Since we expressed three different functionally active trun 
cated catalytic fragments of MASP-2 (i.e. CCP1-CCP2-SP. 
CCP2-SP and SP), we could analyze the role of the individual 
domains in C2 and C4 cleavage. It can be concluded that C2 
cleavage is mediated entirely by the serine protease domain. 
The highest k/K value was measured in the case of the 
single SP domain fragment. The addition of the CCP modules 
to the SP domain somewhat decreased the catalytic efficiency. 
The SP domain therefore probably contains all necessary 
contact sites for efficient C2 binding and cleavage, and the 
CCP domains do not contribute to this reaction. On the con 
trary, C4 digestion of the MASP-2 fragments is influenced by 
the presence of the CCP domains. Although, the single SP 
domain can cleave C4 at a moderate efficiency, the addition of 
the CCP2 module to the SP domain increases the ki/K 
value dramatically (44-fold increase). It seems very likely, 
that the CCP2 domain contains additional binding site(s) for 
the protein substrate C4. This is reflected in the decrease of 
the K value (from 2.0 uM to 0.4 uM), which indicates a 
stronger binding of the substrate. Our results are similar to 
previous results of Rossiet. al., who demonstrated the essen 
tial role of CCP2 module in the C4 digestion ability of C1s 
(Rossi, 1998). Apparently, the CCP2 domains play an essen 
tial role in determining the enzymatic properties of the 
MASP-2 proteases (Table 4). The presence of the CCP1 mod 
ule on the CCP1-CCP2-SP fragment of MASP-2 decreases its 
catalytic efficiency. Nevertheless, the catalytic efficiency of 
MASP-2 CCP1-CCP-2-SP against C4 is still high, and the 
k/K values of this MASP-2 fragment are practically equal 
(-500 000 M's) for the C2 and C4 substrates. 
0245. The above results, together with the finding that 
MASPs are inactive against C3 provide an assay method for 
Selective determination of MASP-1 and MASP-2 levels. Such 
an assay would comprise for example the steps of 
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0246 monitoring C2 cleavage and C4 cleavage by 
MASP proteins in aliquots of the sample whereas, if 
desired, other complement pathways are blocked, 

0247 considering C4 conversion as a result of MASP2 
activity and C2 conversion as a result of MASP-1 and 
MASP-2 activity together 

0248 calculating MASP-1 and MASP-2 levels using 
either known specific activity values of said proteins or 
CCP1-CCP2-SP fragments as inner standards. 

0249. The question was raised whether a similar assay 
method can be carried out on the basis of different inhibitor 
specificities of MASP-1 and MASP-2. 
(0250) Both C1-inhibitor and alpha-Mwere able to block 
the proteolytic activities of both MASP-1 and MASP-2. In the 
case of C1-inhibitor a 1:1 molar ratio was necessary for 
complete inhibition. The observed pseudo first order rates of 
reaction (k) with C1-inhibitor were 5-fold less for the 
MASP-1 CCP1-CCP2-SP than for the MASP-2 CCP1 
CCP2-SP fragment. Keeping in mind that we have measured 
a 4-5 fold higher specific activity for MASP-1 than for 
MASP-2 for arginine at the P1 sites by the competing oli 
gopeptide Substrate library assay, this result indicates that 
MASP-2 has much better interaction properties with C1-inh. 
The K values for the C1-inhibitor and MASP-2CCP1-CCP2 
SP reaction were in the nanomolar range, which is an order of 
magnitude less than those of the C1r and C1s interactions 
with C1-inhibitor and is an indicator of strong binding (Sim, 
1980) (Table 4). 
0251 Thus, C1-inhibitor specificity of MASP-2 is not suf 
ficient to differentiate between the two MASPs. 
0252) However, a marginal molar excess of alpha-2-mac 
roglobulin was enough to completely block the proteolytic 
activity of MASP-1, whereas only a 40-fold molar excess 
over the MASP-2 fragments was capable of significantly 
hindering C2 and C4 cleavage. The results of the experiment, 
where alpha-2-macroglobulin and C1-inhibitor competed for 
either the MASP-1 or the MASP-2 catalytic fragment, 
showed clearly that C1-inhibitor is a better inhibitor of 
MASP-2, while alpha-M is a significant inhibitor of MASP 
1. In this respect it is interesting to note that MASP-1 repre 
sents an evolutionary ancient type of the serine proteases, 
since the active site Ser' is encoded by a TCN type codon 
(Brenner, 1988). Another highly conserved Ser residue down 
stream the active site (Ser') is also encoded by TCN (Krem, 
2001), moreover, there is a histidine loop around the active 
site and the SP domain is encoded by six exons (Endo, 1998). 
Alpha-2-macroglobulin, which is related to C3, also belongs 
to the thiol ester group of proteins. 
0253) Thus, an assay method for assessing MASP-1 and 
MASP-2 levels in a sample of biological origin can be carried 
out by performing the following steps: 

0254 monitoring C2 cleavage in the sample and con 
sidering C2 conversion as a result of MASP-1 and 
MASP-2 activity together, 

0255 adding a calculated amount of C.2M to the sample 
to inhibit MASP-1 activity (e.g. MASP-1 activity can be 
“titrated to Zero by following the curve for C2 conver 
sion) but to leave MASP-2 activity unchanged or chang 
ing it to a negligible or a calculable extent, 

0256 monitoring C2 activity in the sample comprising 
C.2M, 

(0257 calculating MASP-1 and MASP-2 levels using 
either known specific activity values of said proteins or 
CCP1-CCP2-SP fragments as inner standards. 
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0258 By comparing the substrate specificities of MASP-1 
and MASP-2 on small synthetic peptide substrates we have 
created a screening method for substrates of these MASP 
enzymes. To the best of our knowledge the present invention 
provides the first comprehensive analysis of the substrate 
specificities and relative activities of MASP-1 and MASP-2 
using a competing oligopeptide Substrate library. The most 
important finding is that MASP-1, besides being a very potent 
peptidase, shows an extreme Arg selectivity at the P1 site of 
the substrates. While under same conditions the consumption 
of the P1 Lys substrate is quite comparable between the 
MASP-1 and MASP-2 catalytic fragments, the MASP-1 
CCP1-CCP2-SP fragment digests the P1 Arg peptide 4-5 fold 
more efficiently than the corresponding fragment of MASP 
2. The substrate specificity of MASP-2 resembles trypsin, 
whereas MASP-1 acts like thrombin or mouse endoprotein 
ase Arg-C (Antal, 2001). The high catalytic potential of 
MASP-1 suggests that there exists a natural substrate for 
MASP-1, which is cleaved more efficiently than C3. Indeed, 
in recent studies Hajela at al. showed that MASP-1 cleaves 
fibrinogen and Factor XIII at much faster rates than C3 and is 
thus, similarly to thrombin, able to catalyze the formation of 
cross-linked fibrin. 

0259. Using the results of the present study and data 
obtained by other laboratories we can compare some basic 
characteristics of the MASP-1 and MASP-2 proteases (Table 
4). All of these proteases are capable of autoactivating. These 
proteins (MASP-1 and MASP-2) circulate in serum as 
homodimers, which facilitates their autoactivation, as auto 
activation presumes contact between two serine protease 
domains. In fluid phase, however, MASP-2 autoactivates only 
at higher concentrations, than MASP-1. The capacity to auto 
activate enables MASP-2 through cleaving C2 and C4 to 
initiate the complement cascade after having received an 
activation signal from a recognition molecule (e.g. C1q, MBL 
or ficolin). As in vivo natural substrates of MASP-1 are not 
yet well characterized the physiological consequences of its 
autoactivating capacity is hard to predict. 
0260 The isolated serine protease domains of C1r, C1s 
and MASP-2 possess proteolytic activities. In the case of C1s 
and MASP-2 the serine protease domains alone cleave C2 as 
efficiently as the whole molecule. Nevertheless, for efficient 
C1s cleavage by C1r and efficient C4 cleavage by C1s and 
MASP-2 the CCP2 module is essential. This could be partly 
attributed to the feature conserved during evolution that the 
CCP2 module forms a compact structural and functional unit 
with the SP domain (Gaboriaud, 1998/Gaboriaud, 2000/Bu 
dayova-Spano, 2002). All four proteases can be inhibited by 
the serpin C1-inhibitor, but MASP-1 is much more sensitive 
to alpha-M. 
0261 Our work provided an important detail in the iden 
tification of the natural substrate of MASP-1. We showed that 
MASP-1 is a very potent peptidase and has an extreme Arg 
specificity at the P1 site. This behavior resembles thrombin, 
the terminal protease of the blood clotting cascade, 
0262. Several lines of evidences indicate that the comple 
ment and the blood clotting cascades evolved from a common 
ancestral protease cascade (Krem, 2002). It has also been 
reported that sequence homologues of fibrinogen served 
immunological roles. Therefore, it can be speculated that 
MASP-1, as an ancient protease, shows characteristics of 
both cascades (complement-like features: interaction with 
MBL, inhibition by C1-inhibitor; clotting-like feature: argi 
nine selectivity at P1, cleavage offibrinogen and Factor XIII). 
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0263 Thus, it is contemplated that MASP-1 can be used 
for inducing formation of fibrin from fibrinogen and thereby 
promoting blood clotting. 
5. Discussion of Results with the C1r Fragments 
0264. In the present study we used an E. coli based expres 
sion system for recombinant production of fragments repre 
senting the catalytic region of human C1r. 
0265 Previously the baculovirus-insect cell system was 
used to produce recombinant C1r and C1s and their fragments 
(14, 20, 21). In this system the post-translational modifica 
tions are not complete. Furthermore, the level of 13-hydroxy 
lation of the Asn residue in the EGF domain (Asn'7 in C1r 
and Asn'' in Cls) is very low (14, 22) and the glycosylation 
patterns differ significantly from the complex type glycosy 
lation found in the case of serum proteins. These differences 
in the post translational modifications however did not seem 
to affect significantly the functional properties of the recom 
binant proteins; at least some studies showed that aglycosy 
lated proteins retained their biological activity (14, 21). 
0266. In order to explore the contribution of the individual 
domains to the above-mentioned properties of C1r we suc 
cessively deleted the CCP domains preceding the SP domain 
from the cDNA. As a result, we made and expressed three 
cDNA constructs. The recombinant proteins accumulated as 
inclusion bodies inside the E. coli cells. After disruption of the 
cells we purified and renatured these proteins. The renatured 
fragments were purified to homogeneity by ion-exchange 
chromatography and gel filtration. After these procedures all 
the three fragments were in a correctly folded, functionally 
active form as confirmed by Subsequent physico-chemical 
and enzymatic measurements. After renaturation the wild 
type fragments were present in the activated, two-chainform. 
Autoactivation is a good indicator of correct folding. Indeed, 
by the end of the renaturation procedure the activation was 
complete. To study the Zymogen form of the enzymes, as well 
as the autoactivation procedure, we constructed and 
expressed mutant C1r fragments i.e. stable proenzymes. In 
one set of experiments we mutated the Arg-Ile" cleavage 
site to Gln-Ile (27), while in another set we changed the 
catalytic site Ser' to Ala. In the first case the Zymogen 
cannot be activated by a trypsin-like serine protease, however 
it could be cleaved and converted to an active enzyme by 
thermolysin. In the case of the Ser654Alamutants the Arg-Ile 
bond can be cleaved by wild-type C1r, but the mutant itself 
cannot function as an active protease. All of these C1r frag 
ments were produced with a similar yield except the CCP2 
SP fragments where the renaturation efficiency was signifi 
cantly higher. This can be interpreted as the CCP2 domain 
closely associates with the SP domain forming a compact 
cooperative folding unit. The SP domain alone is less stable as 
it is indicated by the DSC measurements. The CCP1-CCP2 
SP fragment contains the CCP1 module, which associates 
loosely to the CCP2-SP. The larger, more complex structure 
of CCP1-CCP2-SP can account for its lower renaturation 
yield. 
0267. The DSC measurements indicate that all of the rena 
tured fragments have compact, folded structures. The calori 
metric heat denaturation curves (excess heat capacity against 
temperature) show cooperative unfolding of the native struc 
tures in the case of the three fragments. The heat capacity 
curve of the recombinant CCP1-CCP2-SP is essentially iden 
tical to the curve of CCP1-CCP2-SP expressed in the bacu 
lovirus insect cell system. According to the DSC curves the 
SP fragment has the least stable structure. The CCP2 module 
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exerts a dramatic stabilizing effect, as the midpoint of the heat 
denaturation peak of SP (47.5°C.) is being shifted to 55.4° C. 
in the case of the CCP2-SP fragment (FIG. 12). The presence 
of the CCP1 module stabilizes the structure further, but this 
effect is much less significant than that of CCP2. These results 
are in agreement with the homology model of the catalytic 
region of C1r (8) and with the crystal structure of the CCP2 
SP fragment of C1s (28). According to the crystal structure 
the CCP2 module associates to SP domain through a rigid 
module-domain interface involving intertwined proline and 
tyrosine-rich polypeptide segments. Such a rigid CCP-SP 
assembly is conserved in other extracellular proteases (29). 
Gel filtration experiments show that the SP and CCP2-SP 
fragments are monomers at all pH values, whereas the CCP1 
CCP2-SP fragment is a dimer at neutral and basic pH (FIG. 
11). Like serum C1r (30), our recombinant CCP1-CCP2-SP 
dimers dissociate under slightly acidic conditions. These 
results provide straightforward experimental evidence that 
the CCP1 domain is involved in the dimerization of C1r. 
Previously a three-dimensional model of activated (YB) has 
been constructed, which was based on chemical cross-linking 
and homology modeling (8). Chemical cross-linking of the 
(YB) fragment produced by autolytic cleavage of the active 
serum C1r indicated the existence of converse salt bridges 
between Lys' in the N-terminal region of they segment of 
one monomer, and Glu" of the serine protease domain of the 
other monomer. Our CCP1-CCP2-SP construct however 
begins with the Cys' of C1r preceded by the Ser-Thr-Gln 
Ala N-terminal fusion peptide and therefore lacks Lys’. The 
fact that our recombinant CCP1-CCP2-SP is a stable dimer 
indicates that formation of salt bridges between Lys’ and 
Glu' is not a prerequisite of dimerization. Future site 
directed mutagenesis experiments could reveal the amino 
acid residues of the CCP1 module that are involved in C1r 
dimerization. 
0268 Regarding enzymatic activity it is surprising that the 
serine protease domain of C1r alone can cleave C1s with a 
rate comparable with that of the activation by the CCP1 
CCP2-SP fragment. This indicates that the SP domain con 
tains all the structural elements necessary for C1s binding and 
cleavage. The presence of the CCP2 domain alone in the 
CCP2-SP fragment however causes a dramatic increase (one 
order of magnitude) of the ki/K value of the reaction. We 
can conclude that the CCP2 domain is responsible for the 
enhancement of the efficiency of the C1s cleaving activity of 
C1r. We suggest that although the SP domain alone can cleave 
C1s, the CCP2 domain provides with additional contact sur 
faces for binding and orienting the Substrate. As we men 
tioned above, our results obtained by DSC indicate that the 
CCP2 domain strongly stabilizes the structure of the SP 
domain. The increase of the ki/K value could be explained 
in principle by this domain-domain interaction. The similar 
esterolytic activity of the recombinant C1r fragments how 
ever shows that this is not the case. It is obvious that all the 
three recombinant C1r fragments contain a fully functional 
active site. The changes in stability caused by the addition of 
CCP modules to the serine protease domain do not affect the 
catalytic power of the serine protease active site on the Syn 
thetic substrates. We suspect that the dramatic increase of the 
C1s cleaving ability of the CCP2-SP fragment is due to addi 
tional Substrate binding sites present on the Surface of the 
CCP2 domain, and not to the stabilizing effect. The corre 
sponding ki/K value of the CCP1-CCP2-SP fragment for 
C1s cleavage however is smaller than that of the CCP2-SP 
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fragment. As we showed above the CCP1 domain is respon 
sible for the dimerization of C1r. The catalytic site of C1r or 
the substrate binding residues on the CCP2 domain can be 
less accessible for the C1s in the CCP1-CCP2-SP dimers than 
in the CCP2-SP and SP monomers. It is also very likely that 
the CCP1 domain does not contain additional substrate bind 
ing sites for C1s. We should keep in mind that we are dealing 
with fluid phase reactions in our present study. Inside the C1 
complex however the catalytic domains of C1r and C1s are 
precisely positioned, therefore the efficiency of C1s cleavage 
by the C1r dimer can be significantly higher (31). 
0269 Our work with recombinant fragments provided 
valuable information concerning the autoactivation of C1r. 
The S654A mutant retains its Zymogen form during the rena 
turation and purification procedure, whereas the wild-type 
C1r fragments are fully activated after the same treatment. We 
can conclude that this activation is a true autoactivation and 
that extrinsic (i.e. E. coli) proteases do not contribute to it. 
Since all the three wild-type fragments autoactivate, two 
important conclusions can be drawn: (i) dimerization is not a 
prerequisite for autoactivation, (ii) autoactivation is an inher 
ent property of the serine protease domain. Previously, auto 
activation was shown to be a property of the dimers both in the 
case of the entire molecule and its CCP1-CCP2-SP fragment 
(7). Under acidic conditions (pH-5.5) the C1r dimer dissoci 
ates and the resulting monomers lose their ability of autoac 
tivation (32). Since at acidic pH the catalytic activity of the 
serine protease active center is expected to decrease it was not 
clear which phenomenon was responsible for the loss of the 
autoactivation ability. Our results indicate that under physi 
ological conditions the monomeric CCP2-SP fragment is 
capable of autoactivation i.e. dimerization is not required for 
autoactivation. Since the SP domain itself retains the ability to 
autoactivate, the presence of even one CCP domain is not a 
prerequisite for autoactivation. 
0270 Autoactivation of C1r is supposed to be a two step 
process. In the initial step Zymogen molecules activate 
Zymogens, while in the second step the generated active 
enzymes cleave Zymogen molecules. The fact that our wild 
type fragments can autoactivate shows the existence of the 
initial step. The second step could be studied in detail using 
our zymogen mutants. The Ser654Ala mutants, which have 
an inactive catalytic center but have a cleavable Arg-Ile bond 
were used as substrates for the wild-type fragments. We deter 
mined the kinetic constants for these type of reactions (Table 
7). Each Ser654Ala mutant was cleaved by its own wild-type 
counterpart. The SP fragment showed effective self-cleavage 
ability. The higher catalytic efficiency of the CCP2-SP con 
struct compared to that of the SP domain can be interpreted 
assuming that the CCP2 domain, like in the case of the C1s 
cleavage, orients the Arg-Ile bond of one C1r in a favorable 
position to be cleaved by the active site of the other C1r. The 
CCP 1-CCP2-SP fragment possess significantly lower k/ 
K values than the other two fragments. Since on (CCP1 
CCP2-SP) we follow intermolecular (inter dimeric) cleav 
age, we may conclude that dimer formation partially blocks 
the accessibility of either the catalytic site of the protease, or 
the activation site of the proenzyme and therefore decreases 
the efficiency of the proteolysis. To clarify this question we 
carried out experiments with combinations of the different 
fragments. The fact that the wild-type SP fragment exerts 
similar proteolytic activity on the dimeric CCP1-CCP2-SP 
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fragment and on the Smaller monomer fragments, indicates 
that the Arg-Ile bond to be cleaved is accessible for extrinsic 
cleavage. The catalytic efficiency of CCP2-SP on CCP1 
CCP2-SP also supports this observation. In a complementary 
experiment the wild-type CCP1-CCP2-SP fragment showed 
decreasing catalytic efficiency with the increasing size of the 
substrate proenzyme SP, CCP2-SP and CCP1-CCP2-SP 
S654A fragments. It is very likely that the catalytic site of one 
CCP1-CCP2-SP is pointed to the “inside' (i.e. toward the 
other CCP1-CCP2-SP molecule) in the dimer and this posi 
tioning facilitates the intramolecular autolytic cleavage. 
0271 The major conclusion of this work is that the serine 
protease module itself is an autonomous folding unit with 
inherent serine protease activity similar to that of intact C1r. 
The SP module has the ability to cleave C1s, the natural 
Substrate of C1r, and autoactivation property is also retained. 
0272 Comparative measurements highlighted the role of 
the CCP modules in C1r as modulators of the catalytic func 
tions through allosteric effects occurring upon binding to 
natural Substrates and dimerization. The intimate interaction 
of the SP domain with the CCP2 domain is reflected in the 
sizeable stabilizing effect observed if CCP2 is attached to the 
SP module. 

Antibody Production 

(0273. Once folded C-terminal fragments have been 
obtained it becomes possible to prepare antibodies, prefer 
ably monoclonal antibodies against these fragments. Such 
techniques are well known in the art and described e.g. in 
Bonifacino et al. (2000), which is incorporated herein by 
reference. Monoclonal antibodies are useful then for detec 
tion of the multidomain serine proteases themselves. More 
over, they can be used in assay kits or in diagnostic kits for 
detection of e.g. MASP. C1r or C1s levels in biological 
samples. If the antibodies are directed to substrate binding 
sites they may serve as inhibitors as well. 

Tables 

0274 Kinetic Constants for the Cleavage of Live C3, dead 
C3 (Table 1), C2 and C4 (Table 2) by MASP-1yB and 
MASP-2 Fragments 

TABLE 1 

Cleavage of C3 

live C3 

k/K (M's) 

MASP-1yB 
MASP-2yB 

61OO 6OO 

3300 i 300 

values indicated are the averages of 2 to 4 experiments, standard errors are 
indicated below actual values. 

0275 Both MASP-1B and MASP-2yB exhibited mar 
ginal proteolytic activity towards intact C3 (live C3). When 
inactivated C3 (C3(NH)) was substituted for intact C3 the 
reactivity of the MASPYBs increased about 10-20 fold. 



US 2009/0042248 A1 Feb. 12, 2009 

TABLE 2 

C2 and C4 cleavage 

C2 C4 

kcar KM kcal/KM koat KM kca/KM 
(s) (IM) (M-1s-1) (s) (IM) (M-1s-1) 

MASP-1yB O.10 O.O7 4.84.3 3OOOO 12 OOO O.OO2 O.OO1 2.72.4 690 - 400 
MASP-2yB 1.9 O.8 4.01.7 SOOOOO 9 OOO O.9 O.4 1.6 0.5 SSOOOO SOOOO 
MASP-2 CCP-SP 3.02.2 2.7 - 2.0 13OOOOO2OOOOO 2.01.0 O.40.2 S 700 OOOSSOOOO 
MASP-2 SP 3.93.0 3.22.8 2 SOOOOO 13OOOOO 0.20 OO6 2.01.0 130 OOO3OOOO 

values indicated are the averages of 2 to 4 experiments, standard errors are indicated below actual values 

0276. The MASP-2 fragments showed substantial pro 
teolytic activity in both C2 and C4 cleavage. MASP-1B 
cleaved C2 at a low but significant rate, whereas C4 cleavage 
was negligible. 

TABLE 3 

Kinetic constant for the reaction of MASP-17B 
or MASP-2YB with C1-inh 

k(s) K. (nM) k(s) 

MASP-17B 1.4 x 10 N.A. N.A. 
MASP-2yB 7.8 x 103 8.8 8 x 10 

the pseudo-first order rate of reaction at C1-inh = 350 nM 
data not available 

TABLE 4 

Comparison of the lectin and the classical pathway serine 
proteases with respect to various properties 

Feature Enzymes 

MASP-1 > MASP-2 
MASP-2 >> MASP-1 
MASP-2 

(MASP-1-MASP-2) 
MASP-2 > MASP-1 
MASP-1 > MASP-2 

autoactivation capacity 
C2 cleaving capacity 
C4 cleaving capacity 
C3 cleaving capacity 
C1-inhibitor sensitivity 
Ca2M sensitivity 

only to a very limited extent and on “dead C3 Substrate 

TABLE 5 

Catalytic efficiency of wild-type C1r fragments and the thermolysin 
activated R463Q mutants for synthetic substrates 

SP CCP2-SP CCP1-CCP2-SP 

Z-Lys-S-BZl 1600 1900 1300 
Z-Gly-Arg-S-Bzl 164000 21OOOO' 174000 
Z-Gly-Arg-S-Bzl 112OOO 147000 124OOO 

k/K (s'M'). Measurement were carried out in 20 mM Tris, 145 mM 
NaCl, pH 7.4, at 30° C. k./K values are the averages of at least 3 indepen 
dent experiments. 
Wild-type C1r fragments 
C1r R463Q fragments, after a treatment with 10 Uthermolysin (Sigma)/mg 
C1r fragment, pH 8.0, 30°C., 2 h. 

TABLE 6 

Efficiency of C1s cleavage' 

SP 
CCP2-SP 
CCP1-CCP2-SP 

28OOO 2000 
208OOO 10OOO 
58OOO 4OOO 

k/K (s'M'). Reactions were performed in 20 mM Tris, 145 mM 
NaCl, pH 7.4, at 30° C. 

TABLE 7 

Self-cleavage efficiency of the Clr fragments 

SPS654A CCP2-SPS654A S654A 

SP 71OOO 75000 72OOO 
CCP2-SP 68000 13OOOO 74OOO 
CCP1-CCP2-SP 4SOOO 15900 62OO 

k/K (SM'). The S654A inactive zymogen mutants were used as Sub 
strates for the wild-type fragments. Reactions were performed in 20 mM 
Tris, 145 mM NaCl, pH 8.3, at 37° C. The values are the averages of 2-4 
independent measurements. Variation between the results of the individual 
measurements was less than 10%. 

0277. The multidomain complement serine protease frag 
ments of the invention are useful for a variety of purposes, e.g. 
as research tools in complement research, 

0278 as standards or controls in several type of assay 
methods for assessing multidomain complement serine 
protease, 

0279 for raising antibodies against multidomain 
complement serine proteases, 

0280 for screening substrates or inhibitors of multido 
main complement serine protease, 

0281 for treatment, diagnosis and/or research of 
complement related diseases. 
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MASP-1 CCP-1 - CCP2-SP construct 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (36) 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (36) 
<223> OTHER INFORMATION: comprises an NheI restriction site 

<4 OO SEQUENCE: 1 

gcggctagda tactggtaa tagtgcc.ca gagcta 36 

<210 SEQ ID NO 2 
<211 LENGTH: 33 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: reverse primer for the 
MASP-1 CCP-1 - CCP2-SP construct 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (33) 
<223> OTHER INFORMATION: comprises an EcoRI restriction site 

<4 OO SEQUENCE: 2 

gcqgaattct cagttcctica citc.cggtgac cct 33 

<210 SEQ ID NO 3 
<211 LENGTH: 34 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: reverse primer for the three MASP-2 constructs 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (34) 

<4 OO SEQUENCE: 3 

gcqgaattct taaaaatcac taattatgtt citcg 34 

<210 SEQ ID NO 4 
<211 LENGTH: 36 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: forward primers for THE MASP-2 
CCP1 - CCP2-SP construct 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (36) 

<4 OO SEQUENCE: 4 

gcggctagda tactggttg galagatcCac tacacg 36 

<210 SEQ ID NO 5 
<211 LENGTH: 37 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: forward primer for the 
MASP-2 CCP2-SP construct 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (37) 

<4 OO SEQUENCE: 5 

gcggctagda tact attgt tact.gtggC cct Cotg 37 
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<210 SEQ ID NO 6 
<211 LENGTH: 36 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: forward primers for the MASP-2 SP construct 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (36) 

<4 OO SEQUENCE: 6 

gcggctagda tactCctgt ttgttggacta t cagcc 36 

<210 SEQ ID NO 7 
<211 LENGTH: 33 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Reverse primer for the MASP-3 SP domain 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (33) 
<223> OTHER INFORMATION: the primer comprises an EcoRI cleavage site 

<4 OO SEQUENCE: 7 

gcggaattct caccgttcca Cctggggotc. cac 33 

<210 SEQ ID NO 8 
<211 LENGTH: 36 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Forward primer for the MASP-3 SP domain 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (36) 
<223> OTHER INFORMATION: The primer comprises an NheI cleavage site 

<4 OO SEQUENCE: 8 

gcggctagda tact Ctt CC agagtgtggit cagcc C 36 

<210 SEQ ID NO 9 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Forward primer for nested" PCR 
for MASP-3 CCP2-SP and 
CCP1 - CCP2-SP constructs 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (30) 

<4 OO SEQUENCE: 9 

Cctgttcc at agtgacaact cqggagagaa 3 O 

<210 SEQ ID NO 10 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Reverse primer for nested" PCR 
for MASP-3 CCP2-SP and 
CCP1 - CCP2-SP constructs 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
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LOCATION: (1) ... (30 

SEQUENCE: 1.O 

gggaggcagg CCCC9aggala gtaagttcagc 3 O 

SEQ ID NO 11 
LENGTH: 29 
TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: forward primer for 
the C1r CCP1 - CCP2 - SP construct 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (29 

SEQUENCE: 11 

gcgaagcttg C ccc.ca.gc.cc aagaccct a 29 

SEQ ID NO 12 
LENGTH: 29 
TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: forward primer for the C1r CCP2-SP construct 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (29 

SEQUENCE: 12 

gcgaagcttg tdggcago Cc caaacctg 29 

SEQ ID NO 13 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: forward primer for the C1r SP construct 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (27 

SEQUENCE: 13 

gcgaagcttg tdggaa.gc.cc gtgaacc 27 

SEQ ID NO 14 
LENGTH: 15 
TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: Tag sequence for ligation 
into the pET-17b expression vector for 
the C1r constructs 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (15) 

SEQUENCE: 14 

atgtgcaccc aagct 15 

SEO ID NO 15 
LENGTH: 37 
TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: sense primer 
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sequence for verification of C1r construct 
(Arg463Glin mutant) by DNA sequencing 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (37) 

<4 OO SEQUENCE: 15 

gtggalacaga ggcagoagat aatcggaggg caaaaag 37 

<210 SEQ ID NO 16 
<211 LENGTH: 33 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: sense primer 
sequence for verification of C1r construct 
(Ser 654Ala mutant) by DNA sequencing 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (33) 

<4 OO SEQUENCE: 16 

gcctgcCagg gggatgctgg gggcgtttitt gca 33 

<210 SEQ ID NO 17 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: A heptapeptide cleaved from 
MASP-2 CCP1-CCP2-SP fragment 

&220s FEATURE: 

<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (1) . . (7) 

<4 OO SEQUENCE: 17 

Ala Ser Met Thr Gly Trp Llys 
1. 5 

<210 SEQ ID NO 18 
<211 LENGTH: 13 
&212> TYPE: PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: oligopeptide library 
&220s FEATURE: 

<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (1) ... (13) 
<223> OTHER INFORMATION: X is K. R. Y L. F W or P 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (5) . . (5) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<4 OO SEQUENCE: 18 

His Ala Ala Pro Xala Ser Ala Asn. Ile Glin Ile Ala Ile 
1. 5 1O 

<210 SEQ ID NO 19 
<211 LENGTH: 3 
&212> TYPE: PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Ala-Ser-Met fragment of the T7 tag 
&220s FEATURE: 

<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (1) ... (3) 
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<4 OO SEQUENCE: 19 

Ala Ser Met 
1. 

<210 SEQ ID NO 2 O 
<211 LENGTH: 4 
&212> TYPE: PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Ala-Ser-Met-Thr fragment of the T7 tag 
&220s FEATURE: 

<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (1) ... (4) 

<4 OO SEQUENCE: 2O 

Ala Ser Met Thr 
1. 

<210 SEQ ID NO 21 
<211 LENGTH: 29 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: reverse primer 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (29) 

<4 OO SEQUENCE: 21 

gcqgtcgact cagt cct c ct c ct coat ct 

1. Recombinant method for the preparation of an unglyco 
sylated folded C-terminal fragment of a multidomain serine 
protease, comprising the following steps: 

a bacterial expression vector for expressing a DNA insert 
encoding a C-terminal fragment of a multidomain serine 
protease is provided, 

said C-terminal fragment is produced in a bacterial host by 
using the said vector and obtained in a folded form from 
the bacterial host. 

2. The method of claim 1, wherein the multidomain serine 
protease encoded by the cDNA insert is a multidomain serine 
protease of the complement cascade, preferably having the 
following domain structure CUB-EGF-CUB-CCP1-CCP2 
SP and being capable of binding to a recognition molecule of 
the complement pathway, e.g. to MBL or C1q, wherein said 
serine protease is of vertebrata, preferably mammalian, more 
preferably human origin. 

3. The method of claim 2, wherein the multidomain serine 
protease C-terminal fragment encoded by the cDNA insert is 
a fragment of comprising one or more domain selected from 
the following domain types: CCP1, CCP2, SP. preferably, the 
C-terminal fragment has essentially a domainstructure of any 
of the following: CCP1-CCP2-SP, CCP2-SP, SP. 

4. The method of claim3, wherein the C-terminal fragment 
is selected from the following fragments: MASP-1 CCP1 
CCP2-SP fragment, MASP-2 CCP1-CCP2-SP fragment, 
MASP-2 CCP2-SP fragment or MASP-2 SP fragment, 
MASP-3 CCP1-CCP2-SP fragment, MASP-3 CCP2-SP 
fragment or MASP-3 SP fragment, C1r CCP1-CCP2-SP 
fragment (i.e. YB-fragment). C1r CCP2-SP fragment or C1r 
SP fragment, C1s CCP1-CCP2-SP fragment, C1s CCP2-SP 
fragment or C1s SP fragment. 

29 

5. The method of claim 4, wherein the C-terminal fragment 
comprises on its N-terminal a tag sequence the coding 
sequence of which increases the efficiency of bacterial pro 
tein expression, preferably a sequence Suitable for the pro 
moter used for expression. 

6. The method of claim 4, wherein said fragment comprises 
mutation. 

7. The method of claim 4, wherein the bacterial host is E. 
coli and the expression vector is a vector capable of express 
ing, preferably overexpressing foreign genes in E. coli. 

8. The method of claim 1, wherein the step of obtaining the 
C-terminal fragmentina folded form comprises the following 
steps: 

i) the inclusion bodies formed in the bacterial host are 
isolated 

ii) the protein fragment molecules are renatured from the 
inclusion bodies, 

iii) optionally, the renatured protein fragment molecules 
are further purified. 

9. The method of claim 8, wherein the protein fragment is 
MASP-fragment, preferably a MASP-fragment selected 
from the following: MASP-1 CCP1-CCP2-SP fragment, 
MASP-2 CCP1-CCP2-SP fragment, MASP-2 CCP2-SP 
fragmentor MASP-2 SP fragment, MASP-3 CCP1-CCP2-SP 
fragment, MASP-3 CCP2-SP fragment or MASP-3 SP frag 
ment, and in the preparation method step c) above comprises 
the following steps: 

i) solubilization of the inclusion bodies, 
ii) diluting the solubilized protein fragments and transfer 

ring them into a refolding buffer, 
iii) allowing the protein fragments to refold at 
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a pH higher than 7, preferably above pH 8.5, more pref 
erably between 8.5 and 10.5 and 

a temperature between 0 and 15°C., 
in an environment Suitable for mildly oxidizing cysteine 

residues into cystines, 
iv) transferring the refolded protein fragments into an 

appropriate buffer. 
10. The method of claim 9, wherein in step i) 
Solubilization is carried out in an appropriate solubilization 

agent, e.g. GuHCl or urea, preferably in a buffer com 
prising 6M GuHCl, any suitable reducing agent e.g. 
B-mercaptoethanol or DTT, e.g. 100 mM DTT, and 
optionally a buffering agent, e.g. 0.1 M Tris-HCl (pH 
8.3), e.g. at room temperature or somewhat lower, 

the protein concentration in the solution is preferably 0.5 to 
25 mg/ml, more preferably 1 to 20 or 2 to 10 mg/ml, even 
more preferably 3 to 7, e.g. about 5 mg/ml, and 

in step ii) 
the solubilized proteins are preferably diluted directly into 

the refolding buffer and the dilution is at least 10 fold, 
preferably at least 100 fold, more preferably 200-600 
fold, even more preferably about 400 fold, 

prior dilution the refolding buffer is cooled below 10°C., 
preferably below 5°C., more preferably to about 0°C. 
and 

in step iii), 
during refolding, the refolding buffer comprises a redox 

system, e.g. cysteine/cystine system or a glutathione 
system wherein the ratio of the reduced and oxidized 
forms is set to provide an mildly reductive environment, 

therefolding buffer further comprises a chaotropic agent in 
an appropriate concentration, e.g. arginine (0.5 to 1.0 
M). In case of MASP-2, GuHCl (0.5 to 2.0 M), 

refolding is carried out at a temperature between 0 to 15° 
C., preferably between 0 to 10° C., more preferably 
between 4 to 8° C. 

11. The method of claim 10, wherein the MASP protein 
fragment is MASP-1 CCP1-CCP2-SP fragment, MASP-2 
CCP1-CCP2-SP fragment or MASP-2 CCP2-SP fragment 
and the pH of the refolding buffer is between pH 8.5 and 9.5, 
preferably about pH 9.0. 

12. The method of claim 10, wherein the MASP protein 
fragment is MASP-2 SP fragment and the pH is between pH 
9.5 to 10.5, preferably pH 10. 

13. The method of claim 8, wherein the protein fragment is 
C1 serine protease fragment, e.g. a C1s or a C1r fragment, and 
step c) of the preparation method comprises the following 
steps: 

i) solubilization of the inclusion bodies, 
ii) diluting the solubilized protein fragments and transfer 

ring them into a refolding buffer, 
iii) allowing the protein fragments to refold at 

a pH higher than 5, preferably between 7 and pH 8.5 and 
a temperature between 0 and 15°C., 
in an environment Suitable for mildly oxidizing cysteine 

residues into cystines 
iv) transferring the refolded protein fragments into an 

appropriate buffer. 
14. The method of claim 13, wherein in step i) 
Solubilization is carried out in an appropriate solubilization 

agent, e.g. GuHCl or urea, preferably in a buffer com 
prising 6M GuHCl, any suitable reducing agent e.g. 
B-mercaptoethanol or DTT, e.g. 100 mM DTT, and 
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optionally a buffering agent, e.g. 0.1 M Tris-HCl (pH 
8.3), e.g. at room temperature or somewhat lower, 

the protein concentration in the solution is preferably 0.5 to 
25 mg/ml, more preferably 1 to 20 or 2 to 10 mg/ml, even 
more preferably 3 to 7, e.g. about 5 mg/ml, and 

In step ii) 
the solubilized proteins are diluted directly into the refold 

ing buffer and the dilution is at least 10 fold, preferably 
at least 100 fold, more preferably 200-600 fold, even 
more preferably about 400 fold, and 

in step iii), 
during refolding, the refolding buffer comprises a redox 

system, e.g. cysteine/cystine system or a glutathione 
system, 

the refolding buffer further comprises a chaotropic agent in 
an appropriate concentration, preferably GuHCl (pref 
erably 2.0 M), 

refolding is carried out at a temperature between 0 to 15° 
C., preferably between 4 to 15° C. 

15. A prokaryotic expression vector, said vector compris 
ing a DNA insert encoding a C-terminal fragment of a mul 
tidomain serine protease and means for expressing said frag 
ment in a bacterial host, wherein said serine protease is of 
Vertebrata, preferably mammalian, more preferably human 
origin. 

16. The expression vector of claim 15 which is a bacterial 
vector and the said DNA insert is a cDNA insert, preferably 
encoding a fragment comprising one or more domain selected 
from the following domain types: CCP1, CCP2, SP. 

17. The expression vector of claim 16, wherein the said 
cDNA insert encodes a fragment of a multidomain serine 
protease of the complement cascade (multidomain comple 
ment serine protease), preferably a multidomain serine pro 
tease selected from the following: MASP-1, MASP-2, 
MASP-3, C1r and C1q. 

18. The expression vector of claim 17, wherein the c-DNA 
insert encodes a C-terminal protein fragment having essen 
tially a domain structure of any of the following: CCP1 
CCP2-SP, CCP2-SP, SP. 

19. The expression vector of claim 18, wherein the C-ter 
minal fragment is selected from any of the following: 
MASP-1 CCP1-CCP2-SP fragment, MASP-2 CCP1-CCP2 
SP fragment, MASP-2 CCP2-SP fragment or MASP-2 SP 
fragment, MASP-3 CCP1-CCP2-SP fragment, MASP-3 
CCP2-SP fragment or MASP-3 SP fragment, C1r CCP1 
CCP2-SP fragment (i.e. YB-fragment). C1r CCP2-SP frag 
mentor C1r SP fragment, C1s CCP1-CCP2-SP fragment (i.e. 
YB-fragment), C1s CCP2-SP fragment or C1s SP fragment. 

20. The expression vector of claim 19 wherein said frag 
ment comprises a mutation. 

21. The expression vector of claim 16 wherein the cDNA 
insert comprises a sequence capable of increasing the effi 
ciency of bacterial protein expression, said sequence being 
operably linked to the sequence encoding the protein frag 
ment. 

22. A vector of any of the claims 15 to 21, wherein the 
means for expressing the DNA insert sequence encoding any 
of the protein fragments as disclosed above, operably linked 
to a promoter, preferably an inducible overexpressing pro 
moter capable of driving expression in a suitable bacterial 
host, preferably, the bacterial host is E. coli and the promoter 
is a promoter driving overexpression. 
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23. An isolated C-terminal fragment of a multidomain 
serine protease of the complement cascade, obtained by the 
method of any of claims 1 to 14, wherein said fragment is 
unglycosylated and folded. 

24. The isolated fragment of claim 23 wherein the multi 
domain serine protease is a serine protease capable of binding 
to a recognition molecule of the complement pathway, e.g. 
MBL or C1q, said serine protease having preferably the fol 
lowing domain structure CUB-EGF-CUB-CCP1-CCP2-SP. 
wherein said serine protease is of vertebrata, preferably mam 
malian, more preferably human origin. 

25. The isolated fragment of claim 24 wherein the multi 
domain serine protease is selected from the following: 
MASP-1, MASP-2, MASP-3, C1r, C1s. 

26. The isolated fragment of claim 25, wherein the C-ter 
minal fragment is selected from any of the following: 
MASP-1 CCP1-CCP2-SP fragment, MASP-2 CCP1-CCP2 
SP fragment, MASP-2 CCP2-SP fragment or MASP-2 SP 
fragment, MASP-3 CCP1-CCP2-SP fragment, MASP-3 
CCP2-SP fragment or MASP-3 SP fragment, C1r CCP1 
CCP2-SP fragment (i.e. YB-fragment). C1r CCP2-SP frag 
mentor C1r SP fragment, C1s CCP1-CCP2-SP fragment (i.e. 
YB-fragment), C1s CCP2-SP fragment or C1s SP fragment. 

27. The isolated fragment of claim 26, wherein said frag 
ment of the invention comprises on its N-terminal a tag 
sequence the coding sequence of which increases the effi 
ciency of bacterial protein expression. 

28. The isolated fragment of claim 26 which is autoacti 
vated or capable of being autoactivated. 

29. The isolated fragment of claim 26 wherein said frag 
ment comprises mutation. 

30. The isolated fragment of claim 29 comprising a muta 
tion selected one or more from the following 

the activation site of the SP-domain is mutated, e.g. the 
Arg-Ilebond of the activation site is mutated, preferably 
to Gln-Ile, 

the active Ser is mutated, e.g. to Gly, Ala, Thr, Val, etc., 
preferably to Ala. 

31. Use of any of the C-terminal multidomain complement 
serine protease fragments defined in any of claims 1 to 30, for 
raising antibodies. 

32. Use of any of the C-terminal multidomain complement 
serine protease fragments defined in any of claims 1 to 30, as 
a standard or a control in assessing the level or activity of a 
multidomain complement serine protease in a biological 
sample. 

33. Use of the C-terminal multidomain complement serine 
protease fragments defined in any of claims 1 to 30, for 
screening substrates or inhibitors of MASP-1 or MASP-2 or 
MASP-3, C1r or C1s. 

34. An assay method for measuring the level of a multido 
main complement serine protease in a biological sample, 
wherein the presence of said serine protease is quantitatively 
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detected in the sample by a labeled monoclonal antibody and 
the obtained signal is compared with a signal obtained for a 
control sample comprising a respective complement protease 
fragment according the invention. 

35. An assay method for measuring the activity of a mul 
tidomain complement serine protease in a biological sample, 
wherein the activity on a Substrate of said protease is mea 
Sured, and an appropriate fragment, preferably a CCP1 
CCP2-SP fragment, of said protease according to the inven 
tion is used as a standard with the proviso that it has the same 
specific activity as the respective protease or the ratio of the 
activities of the native protease and the fragment is known. 

36. An assay method for assessing MASP-1 and MASP-2 
levels in a sample of biological origin, said method compris 
1ng 

monitoring C2 cleavage and C4 cleavage by MASP pro 
teins in aliquots of the sample whereas, if desired, other 
complement pathways are blocked, 

considering C4 conversion as a result of MASP 2 activity 
and C2 conversion as a result of MASP-1 and MASP-2 
activity together 

calculating MASP-1 and MASP-2 levels using either 
known specific activity values of said proteins or 
MASP-1 and MASP-2 CCP1-CCP2-SP fragments, 
respectively, as inner standards. 

37. An assay method for assessing MASP-1 and MASP-2 
levels in a sample of biological origin, said method compris 
1ng 

monitoring C2 cleavage in the sample and considering C2 
conversion as a result of MASP-1 and MASP-2 activity 
together, 

adding a calculated amount of C.2M to the sample to inhibit 
MASP-1 activity but leaving MASP-2 activity 
unchanged or changing it to a negligible or a calculable 
eXtent, 

monitoring C2 activity in the sample comprising C.2M. 
calculating MASP-1 and MASP-2 levels using either 
known specific activity values of said proteins or 
MASP-1 and MASP-2 CCP1-CCP2-SP fragments, 
respectively, as inner standards. 

38. A diagnostic kit for carrying out an assay method of any 
of claims 34 to 37, said kit comprising a fragment defined in 
any of claims 1 to 30. 

39. Use of a MASP-1 fragment defined in any of claims 1 
to 30 for inducing blood coagulation. 

40. Use of an inhibitor of MASP-1, preferably C2M or 
C1-inhibitor, for reducing blood coagulation. 

41. Method for treatment of a patient in need of inhibiting 
complementactivity exerted through the lectin pathway, pref 
erably reperfusion injury, comprising administering any 
inhibitor of the lectin complement pathway, preferably an 
inhibitor of MASP-2, to the patient in an effective quantity. 

c c c c c 


